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Although this Manual ia intended for the vse ot medical 
students, it ia not designed to be a medical chemistiy. Bather, 
it takes up those parts of General Chemistry which it is neces- 
sary for thsm to know. As I have prepared etudents for several 
yeara in this branch, both for their degrees and for entrance 
into the Government medical services, I feel that I know their 
needs. I have derived much assistance from the lectures of 
Prof. C. P. Chandler and hia published articles in preparing 
this work, especially as regards Chapters IV and V. The testa 
for the important substances have been grouped together in 
Chapter X. In Chapter XI is given a brief account of the 
urine and the tests for the more important substances occurring 
in it. The theories of to-d&j concerning chemical action are 
briefly presented in Chapter XII. While the omissions have 
necessarily been many and important, I hope llie errors will 
be found to be few and of little consecjuence. 

I take this opportunity to thank Mr. Walter Bensel for assist- 
ance rendered during the publishing of the book and in the 
preparation, of the index. B, 8, 

New York, May 7, 1889. 
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Throughout the text the symbola of the elements have been 
used instead of the full name, thus rendering the student 
thoroughly familiar with them. By the term Aq is meant 
one molecule of water of crfStalliKation. 
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CHEMISTRY. 



Chemistry, as contrasted with Physics, has for its stady tlia 
elements and their compounds, and the permanent changes 
which affect their properties and character. The elements are 
divided into the metals and non-metals. The former have a 
metallic lustre, are good conductors of heat and electricity, 
and are electro^positive. The latter are generally poor con- 
ductors of heat and electricity, and are electro-negative. We 
will first discuss the non-metals. These are : 

Oxygen Selenium ) These closely resemble each other and 
Sulphur Tellurium f constitute the oxygen group. 

Carbon Boron Silicon 
Nitrogen Phosphorus 

Fluorine Chlorine 
Bromine Iodine 

Arsenic Antimony ) ^^^ ^^ between the metals and 
^™«*i* r non-metals. They are sometmie called 

Bismuth j- metalloids. 

Hydrogen is properly a metal as r^ards its chemical 
properties, but is always described with the non-metals. 



[Halogens 



8 



CHAPTER L 

OXTGEN.— O. 

History. — Diacovered independently by Priefltley from red 
oxide of Hg in 1774, and about tho same time by Scheele, 
from black oxide of Mn; called by the former dephlogisticated 
air, and by the latter empyreal air. A few years later, 
Lavoieier discovered that these two were tlie same, and he 
caUed it oxygen. He also discovered that it exiat«d in the 
air by paesing air over hot mercury, thus forming the red 

Occurrence, — In the air in admixture, chiefly with N ; in 
the water in combination with H, and also ia solution, the 
latter being what the fishes breathe ; in most minerals in 
combination ; in meti'orites, the sun, stars and nebulse. It 
exists in all ptants and animals in combination. 

The following is a table of the composition of plants and 

PLANTS. ANIHAL8. 
Water. Water. 
rj.Hi,i™.Q 1 ^ combined with C and H. • 

r. _ y the proportion to form 

^- 1 =a.&"' ■-"- - 



Fata 



Essential oils y Composed of C and H. 



Mineral salts 



Chlorides 

Sulphates 

Nitrates 

Phosphates 

Curlwiiates 



Mineral salts. 



4 OXYGEN. 

Preparation, — (1) By heating red oxide of Hg ; thus : 

3 Hg 0+heat=2 Hg+Oa. 

(2) By heating black oxide of Mn ; thus : 

8 Mn Oa+heat=Mn, 04+0». 

(8) By heating potassium chlorate ; thus : 

3 K CI 0.+heat=3 K a+80,. 

(4) By mixing K 01 Os and Mn Os and applying heat, the O 
is liberated at a much lower temperature from the K CI Os, 
the Mn O9 not being affected. 

There are many other ways of obtaining O, but these are 
the best and most common. It can be obtained directly from 
the air, but not very cheaply. 

Physical Properties, — ^A gas, colorless, odorless, tasteless 
and invisible ; slightly soluble in water ; of a specific gravity 
1. 1. Like all gases, it can be liquefied. 

Chemical properties, — Is incombustible, but supports com- 
bustion. F is the only element which does not unite with it. 
All other elements unite with it to form oxides ; thus ; 

Ba forms Ba O, barium monoxide. 



Mn 

Fe 

S 

N 

P 



Mn Os, manganese dioxide. 
Fes Os, iron sesquioxide. 
S Os, sulphur trioxide. 
Ns O4, nitrogen tetroxide. 
Ps Os, phosphorus pentoxide. 



These oxides are of three classes ; acid, basic and neutral. 
Acid oxides are so called because when united with water 
they form acids ; thus : 

Ps Oft+8 Ha 0=3 Hs PO4, phosphoric acid. 



Basic ozidea are bo called beoauB<9 when united with wat«r, 
they form basea, thus : 

Ba 0+H, 0=Ba(OH)„ baryta. 

Neutral oxides, of which Mn Oi is an example, are ao called 

because thef form, neither bases nor acida with water. 

Function in Nature. — Its chief use is to support combustion. 
The amount of heat produced bj combustion is fixed and 
depends upon the amount of the Hubatance burned, while the 
temperature depends upon the rapidity of the combustion. 
Animal heat and power are derived from combustion, and 
ao is the chief source of life. 



Plants eat what ^"■""'■1'' produi 



fCO,. 
= J H,0. 

1 NHi, 

i Salts. 
„ J Vegetable principles. 

Mo. 



Animals eat what plants produ 

Plants under the action of the sunlight taJce the COg, and 
split it up into C and O,, the G then uniting with other elo- 
menta. In this way they render latent in the C a certain 
amount of heat, which becomes manifeat when united with O. 
Animals eat the C, and in their tissues it becomes united with 
O, thus forming again COi, The heat developed in this way 
cau then be transformed into force and energy. 



OZ0NE~0.. 

This is a form of condensed O, its specific gravity being one 
and a half times as heavy as ordinary O, the molecule of 
which contains but 3 atoms of O. 

History. — In 1785, discovered by Von Martun, who called it 
electrified O. In 1840 SchOnbein discovered its nature. 

Preparation, — (1) By passing an electric spark through O ; 

30,=30,. 



6 HYDBOaSN. 

(2) By the slow oxidation of P in moist air ; thus : 

2 P+80a=Pa 0,+0,. 

(8) In the electrolytic decomposition of water, small quan- 
tities of Os are formed. 

(4) By acting upon potassium permanganate with strong 
sulphuric acid ; thus ; 

K, Mn, 08+3 H, S04=Ka SO4+2 Mn SO4+8 H,C)+0,+0.. 

Occurrence, — It is very extensively distributed, in the air, 
most natural waters, in the juices of plants, etc. , but only in 
very small traces. It is more abundant after thunderstorms. 
It is formed during slow oxidation, especially of turpentine, 
and hence is more abundant in pine forests. 

Teat, — ^It liberates I from potassium iodide • thus : 

6 K 1+3 H,0+0,=6I+6 K O H. 

If the I is in contact with starch, it wiU strike a blue color 

with it. This test is the one commcmly used, but is not good, 

for nitrous acid and hydrogen dioxide will do the same. A 

reliable test, but not delicate, is the oxidizing of silver foil ; 

thus: 

Ag,+0,=Ag, O+Oa. 

Properties, — ^A gas, with a peculiar, strong odor and marked 
bleaching properties. It is a deodorizer and a disinfectant. 
It sometimes acts as an oxidizing agent, as shown above, and 
Bometimes as a reducing agent : thus : 

Ag, 0+0,r=Agrf 20,. 

HYDROGEN— H. 

History, — ^Discovered by Cavendish in 1766. 

Occurrence, — ^In combination in water and in all vegetable 
principles ; in the air, in ammonia, nitrous, nitric and sul- 
phuric acids, and hydrogen dioxide. It is also found free in 







Btara, cometa, etc. Does not exist free oi 
but is found free in the porea of Bome meteorites which have 
fallen on the earth's surface. 

Preparation.— il) By electrolytic deooiapoflitioii of water, 
H going to the negative pole, 
(S) By the action of metallic Na on water ; thuB : 

2 H, 0+Na,=2Na O H+H,. 
^) By the action of steam on red-hot iron ; tbna :' 

4 H, 0-I-3 Fe=Fe. 0,44 H,. 

(4) nsnally by the action of Zn on dilute sulphnrio acid ; 

H, SO., H, 0+Zn=Zn 80„ H, 0+H,. 

Propertia. — A gas, colorless, odorless, tastelesa and ii 
ble, combustible, but not a supporter of combustion. It 
bums with a pale-blue flame, forming water, and giving oS 
more heat tlian any other substance, weight for weight. It is 
the lightest substance experimented with. 

Function in Nature. — Aids In the formation of water and of 
various animal and vegetable substances. 

Vaea in the Aria. — Used for the heating and illuminating 
effects in the form of water-gas and of the oxyhydrogen blow- 
pipe. Water-gofl is made by passing steam over red-hot coal ; 

CH-2H,0=CO,+aH,. 

This then passes over more red-hot coal, and reacts thus ; 

C0.+3 H,+C=2 CO+a H,. 

This mixture ie now collected in receivers and saturated 
with napht^ vapor, which gives it a high illuminating power. 
On account of its lightnees, H has also been used in balloons, 
but owing to its great cost and diffusibility has been superseded 
by coal-gas. 
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X ? ^ ? 8 MTEOOKH. , . *> 

^^? Ck>MPOUNDB.-With O. ''■*^'"**' -^ '"' 

r ^ r^ A St 0, Water (see Watbb). ^ 

Sr>t^^ vJ'S BtOi,Hydeogt»diojside<yc peroxide. i 

Oe«irr«M.— In the air, rain-water and juices of many_jt 
, plants. ^ 

r> Properlia.—A liquid, odorlesB, with a bitter aetringent ~^^ 
^ taste. Like ozone, it sometimes acta as an oxidizing ^ent, 
^ Bometlmee as a reducing agent. It is a deodorizer and die- - f 
*^iiJnfectant,4>ut not very good. It decomposes readily and^j^ 
~ even spontaneously. ^ 

(Aet.—As a hleaohing agent, dlalnfeetant and antleeptio. •f 

NITROGEN— Nj^ 

fitaforir.— Disoorered in 1773 by Rutherford, who called it 
mephltic air. lAToisier called it azote. 

ProperKe*.— A gas, colorless, odorless, tasteless, invisible, 
neither combustible nor supporting combustion ; not poisonous, 
but incapable ot supporting life, soluble in water, but less so 
than O ; a little lighter than air. 

iVeporoHon.— (1) By burning P in the air ; thus : 

2 P,+aU, 5 (4 N,+Oa)=2 P, O,+20 N,. 
The P/>i is abecvbed by water, leaving the H firee. 
(2) By heating ammonium nitrite ; thus : 

NH, NO, +heat=8 H, O+N,. ^■'' 

Ooeurrtnce. — Constitutee free about four-flftliB of the atmos- 
phere, la also found there in combination; as nitrous and 
nitric acide and ammonia. Is found in all waters in solution. 
In animals and vt^tables in combination, especially as album- 
enoids and alkaloids. 

FimctUm in JVoiitre.— To dilute the osygen in the air. It is 
of great value in its various combinations. It is of great value 
to plants, but can be obtained by them only from its com- ^ 
nnnndB. 
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' COMPOUNIIH.— With H. 

NHi, Ammonia. 

A gas, colorless, pungent, irrespirable ; very Bolublo in water, 
and when in solution alkaline ; lighter tlmu air ; easily lique- 
fied. Does not saponify fata, but makes an emulsion with 

Found in the atmosphere, rain-water, soil, sewer-gas, urine, 
etc. Is universally distributed, but occurs in very small iiuan- 
titiea usually. It isjf oduced in nature by the action of bacteria 
on organic bodie^^Kaining N. 

Its cluef source at preeent is the ammomacal liquor of the 
gas- works. "^ 
^ith O!;^ * 

NsO, Nitrogei^^onoxide or nitrous oxide. 
N>0,, " dioxide ouH^io oxide. 
NjOi, " trioalH^^Htrous anhydride. 
NiOi, " t«trokide. 
NjOi, " pentoside or nitric anhydride. 



The important oi 



« N,0, N.O,, N,0,. 



JV,0, Nitrogen Monoxide. 

Discovered by Priestley in 1T83, A gas, colorless, odorlasB, 
with a feebly sweetish taste. Incombustible, but supports 
combustion well ; respirable for a short time. 

Is best prepared by heating ammonium nitrate : thus 

NHiNO,+heat^SH,0+Ni% 

It Is extensively used as an anaeetbetlc in dentistry and 
minor euigery, having first been utilized for this In IMfi. 

WiOi, Nitrous Anhydride. 
This when united with water forms nitrous acid, HNOi : 

N,0,-f H,0=3 HNO,. 

This gives rise to the nitrites in combination. 



10 CARBON. 

iVjOs, Nitric Anhydride, 
This forms with water nitric acid, HNOs : thus 

N.0.+H,0=3HN0.. 

H2V0., Nitric Acid. 

A liquid, colorless, pungent, with a very acid taste, giving 
off red fumes when heated ; very corrosive. Stains the skin 
yellow, forming picric acid. 

It is prepared by acting on sodium nitrate or potsC&sium ni- 
trate with sulphuric acid : thus 




Na NO. or KN0,+H,S04=Na or K HSO4+HNO,. 

Acts upon metals thus ^ ^J^ •* 

(1) 6 Ag+2H N0, =8 Ag,0-fR,0«+HaO. 

Then the oxide is acted upon bf- more HNOs : thu3 

(3) 3Ag,0+«HNO«=6AgNO,+8H,0. 

As, Sb and Sn are only oxidized by it. Fuming nitric acid 
or nitroso-nitric acid consists of nitric acid holding in solution 
some NsOs. All nitrates are soluble in water. . 

CARBON— C. 

Occurrence.— jJUmdfree and in combination. All the C 
now existing, €^H||prthe shape of CO3, owes its present form 
to the action oAmimals and vegetables. Free, it is now found 
as the diamond, graphite and anthracite naturally and artifi- 
cially in charcoal, lamp-black and gas-carbon. 

(1) — Diamond. This is pure carbon, probably of vegetable 
origin. It crystallizes in cubes and octahedia and is very 
brilliant, owing to its high index of refraction. It is used for 
rock-drills, rock-saws, cutting glass, ornaments, etc. 

(2) — Graphite, also called plumbago and black-lead. Pure 
carbon, also of vegetable origin. Crystallizes in six-sided 



GABSON. 11 

plates. Ib used for lead pencils, cniciblee, Htove-polisb, and 
as a conductor of electricity in electrotyping, 

(8) — Anthracite. A variety of coal and almost pure C. It 
reaultB from the luxuriant vegetation which once existed. 
This was then subjected to an enormous pressure and to a 
peculiar fermentation, by which the O and other elements 
have been driven off. Amorphous. Used for fueL 

(4) — Charcoal. This is of two varieties, wood and animah 
Both are amorphous. Used for fuel and as an absorbent of 
gases and coloring matters ; also as a disinfectant. 

(5)— Lamp-black. Besides C, this contains some hydrocar- 
bons. Amorphous. Used chiefly in printers' ink. 

(8) — Gas-carbon. This is deposited on the sides of the retort 
during the destructive distillation of coal in the maunfacture 
of coal-gas. It is very hard and amorphous. Used largely in 
the electric light and in galvanic batteries. 

In combination C occurs in the form of COi, carbonates and 
bicarbonates, and all organic substances, whether of vegetable 
or animal origin. 

Properties. — All varieties are insoluble and infusible, but 
freely combustible, burning to COi in the air. All bat the 
diamond are good conductors of electricity. 



CoMPOUNua. — "With O. 

CO, Carbon Monoxide. 

A gas, not occurring native, colorless, with a slight odor, 
very poisonous. Does not support combustion, but is combus- 
tible. Slightly soluble in water. 

Prepared by heating oxalic acid with sulphuric acid : thus 

H,C,0.-|-H,80.=H,S0., H,0-|-CO,-|-CO. 

The CO, is then removed by shaking with lime-wat«r. It I» 
also made in the manufacture of water-gas, for which aee H, 



12 OABBON. 

COt^ Ccwbon Dioxids or Carbonic Anhydride, 

A gas, colorless, odorless, with slight pungent taste ; fairly 
soluble in water, neither combustible nor supporting combus- 
tion. 

It occurs free in the air and in many waters ; it is formed 
during fermentation, respiration, combustion, decay and put- 
refaction. When dissolved in water it is supposed to form 
carbonic acid, HsCOs, although it is doubtful if there is any 
real chemical union. The carbonates of the metals are numer- 
ous, important and abundant. 

It is prepared by acting on calcium carbonate with sulpkurio 
add : thus 

Oa C0a+HaS04=Ca S04+HaO-fOOt. 

Also by burning any of the forms of C in oxygen. 
In Nature it is upon this that the life of all plants depends. 
Commercially it is only used in making soda-water. 

WithH. 

These are called hydrocarbons and are found in great num- 
bers in the vegetable kingdom. The only ones important to 
study in this connection are : 

CHt, Methane or Marsh Que, 

A gas, coiorless, odorless, tasteless. Called fire-damp when 
occurring in coal mines. Is combustible, and when mixed 
with sufficient air explodes with violence on ignition. 

CsJ3'4, Ethene or Oleflant Oaa. 

A gas, colorless, but with a sweetish taste. Is explosive. 
Prepared by acting on alcohol with sulphuric acid : thus 

C,HftOH-f HaS04=HaS04, H.O+CaH*. 

CiHi, Acetylene, 

May be formed by the direct union of C and H at a high 
temperature. Colorless, but bums with a bright flame. Has 
a very disagreeable odor. 




Cy .>u.^t^.>i^^ /f,^ (^^ (fa /f. JL^^^UL^ 






Coal Gaa.—CosBietB of luminous and non-luminous gases. 
The luminouB are CgE,, CiH, and other higher hydrocarbons. 
The Don-himinom are H, CO, CH„ Among the impurities 
are CO,, N, sulphuretted hydrogen and other Hulphur com- 
ponnde. Ordinorj illuminating flames ore composed of three 
Eones, An inner noo-luminoua zone of unbumt volatile gases 
composed chiefly of C and H. A middle zone of mcomplete 
combustion, luminous by reason of incandescent C. An outer 
non-lumi&ouB zone of complete eombuation, the products be- 
ing Ghiefly C0| and IIiO. The middle zone of course is the 
only one we see. 

WithN. 

0,^1, Cyanogen, 

A gas, colorless, poisonous, with a ■ 
bustible, burning with a pink flame, a 

BCN, Hydro-cganio or Prussie Acid, 
~ A liquid, colorlees, rolatile, feebly acid, having an odor of 
bitter almonds. It is very poisonous. Prepared by acting on, 
potassium cyanide with diluto sulphuric acid : thus 

3KCN+H,S0„ H,0=K,80„ H.O+aHCN. 

The officinal Acidam Bydroeyanieam. Dilutum contains S 
per cent, by weight of the anhydrous acid. Scheele's PruBsio 
SDid containa 4 per cent. 



cterlstio odor. Com- 
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CHAPTER 11. 

CHLORINE— C5L. 

History, — Discovered in 1774 by Scheele, who called it 
dephlogisticated marine-acid gas, as he obtained it from hydro- 
oMoric acid, then called marine acid. 

Properties. — A gas, of a greenish-yellow color, with a pecu- 
liar, disagreeable odor ; in large quantities a powerful irritant. 
Bleaches vegetable colors in the presence of water. Is a pow- 
erful disinfectant and deodorizer. 

Occurrence, — Never native. Occurs in nature chiefly as 
sodium chloride. This is the most abundant soluble salt found 
on the earth ; it is largely present in sea-water and in most 
mineral springs, universally distributed through the air and 
in all animals. CI is also found in the form of other chlorides. 

Preparation,^!) By acting with hydrocloric acid on man- 
ganese dioxide : thus 

MnOa-|-4Ha=Mnaa-f2HaO-faa. 

(2) By acting with sulphuric acid on manganese dioxide 
and sodium chloride : thus 

9Naa-fMnOa-f2HaSOi=Na,S04-fMnSOi+2HaO+a,. 

Uses, — Free, as a bleaching agent and a disinfectant. Many 
of its compounds are very important. 

Compounds.— With O. 

ClaO, Chlorine monoxide. 
CljOs, " trioxide. 
CUO*, " tetroxide. 

None of them are of any importance. 



CHLORINE. 
With O and H. 

Acids of Chlorine — HCi, hydrochloric acid. 
HCIO, hypochlorouB " 
HCIO,, chlorous 
HCIO., chloric 
HaO., per chloric " 

The important ones are HCI, HCIO, HaO„ 

HCI, Hydrochloric Acid. 

A ga^, colorless, pungent, irrespirable. Neither combuatible 
nor supporting combustion. Used conunsrcially in solution 
in water, one volume of which takes up about 418 volumes of 
the gaa at ordinary temperature. 

Prepared by (!) the direct union ot H and CI under the influ- 
ence of sunlight : thus 

H,4-C1,=3HC1. 

{2) Acting on sodium chloride with sulphuric acid : thus 

aNaCl+H^O. =Na„80.-|-2HCl. 

SCIO, Hypochlorous Add. 

This is of importance chiefly on account of its salts, which 
are largely used as bleaching agents, Javelle water is a solu- 
tion of potassium hypochlorite, KCIO, and Labarraque's solu- 
tion, which is the officinal Liquor sodae ehloratae, one of 
sodium hypochlorite. The oflicinal Catx chlorata, commonly 
called chloride of lime, or bleaching powder, has the formula 
Ca CliO. This is beet represented thus 

This makes it a chemical compound, having partly the charac- 
ters of the chloride, partly those of the hypochlorite. It is " 
largely used as a lileacliing agent and as a disinfectant. As a 
deodorizer it simply substituten its own odor, which has no 






■- C-^Ou-^^,. 



16 BROMINE— IODINE. 

antiseptic properties at all for the objectionable odor. It is 
very unstable and must be kept hermetically sealed. All 
these act by giving up their CI. 

HClOt, Chloric Acid. 

A liquid, taking fire spontaneously when dropped on paper. 
All of its compounds with the metals are soluble. Prepared 
by acting on barium chlorate with sulphuric acid : thus 

Ba (C10,),+HaS0«=BaS0«+2HC10,. 



BROMINE— Br. 

JBisfon/.— Discovered ^7 Balard in 1826. 

Propertiea, — A liquid, of a reddish -brown color, volatile, 
forming a vapor which is pungent and irrespirable and has a 
characteristic offensive odor. Not very soluble in water, but 
freely soluble in alcohol and ether. Not as good a bleaching 
agent as CI. Is a disinfectant and escharotic. 

Occurrence, — Never native. Is f oxmd in sea water and many 
mineral springs in the form of various bromides. Chiefly 
obtained from the residue of sea-water, left after crystallizing 
out sodium chloride. 

Uses, — Very little as a bleaching agent, disinfectant or 
escharotic. Used in photography in the form of silver bro- 
mide, Ag Br ; in medicine in the form of bromides of Na, K, 
etc. ; and in the manufacture of coal-tar colors. 

Compounds, — Very similar to those of chlorine, but less 
stable. HBrOs, bromous acid, corresponding to chlorous acid, 
is unknown, but the other acids have been prepared. 

IODINE— I. 

J5i«for2/.— Discovered by Courtois in 1813. 

Properties, — A soUd, black with a metallic lustre. Only 
slightly soluble in water, but freely soluble in alcohol, ether, 
or an aqueous solution of an iodide of an alkali metaL Vola- 
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tfle, with a characteriBtic disagreeable odor. Upon heating 
givea ofiE beautiful violet-colored vapors. It is a counter- 
irritant. 

PrBparation.— Both I and Br can be prepared as CI is by 
method 1,2), substituting potassium iodide, K I, or sodium bro- 
mide, Na Br, for the sodium, chloride. 

OciMTrence. — Never native. Is found combined with metals 
in sea-water and in various mineral springs, and also in nitre 
beds. Is very extensively distributed, but usually only occurs 
in very minute quantities. Marine plants take it up from the 
sea-water, and it is largely obtained from their ashes. 

Uses. — Externally it is used in medicine aa a counter-irri- 
tant. Internally it is used but little when free, but in its com- 
pounds, very extensively. 

Compoitnds. — Very similar to those ot CI but even leas sta- 
ble than those of Br. Neither HIO, hypiodous acid, nor 
HIOj, iodous acid, hattt been isi»lated. 

^ry.1 FLUORINE^F. „ - 

Pr&periiea. — Has never l)een satisfactorily isolated. It is 
probably a colored gas. It is peculiar in that it forms no 
compound with O. 

Occurrence. — Never native. Is extensively distributed in its 
compounds, especially Ca Fg, calcium fluoride or fluorspar. 
Ctecuisin traces in many animals. 

HF. Hydrojtuorie Add. 
A gas, colorless and powerfully corrosive. Dissolves glass. 
forming a fluoride of silicon with the silica in it ; thu a 



The four elements Just described constitute a groBp, cal(€(l 
the Halogen group, from the Ureek lials, scu-siilt, and genos, 
makes. They are so culled because they form a natural group 



CHAPTER IIL 



SULPHUR— 8. 



lYopertiea. — A Bolid, of a yellow color, dimorphous, with 
several amorphous modifications. These modifications may 
be divided into two classes ; A — those soluble in carbon 
diflulphide, and B — those insoluble in that. 

A— {1) — Yellow opaque rhombic octahedra of natui'e. 

(3) Long transparent needle-shaped prisms. These return 
to the rhombic octahedra after a few day's exposure. 

(3) Tlie variety of lac aulphuria prepared by acting on 
alkaline polysulphides with a mineral acid. 

B— <!) A tenacious amorphous mass, obtained by pouring 3 
heated to 330" C, into cold water. 

(3) Another kind of lac sulphuria prepared by acting on a 
thioBulphate with a dilute mineral acid. 

There are several other modifioatioaa of wliich but little is 
known. 

AU the varieties are combustible and volatile. 8 in many 
of its chemical properties resembles O quite closely. 

Occurrence. — Is found native in volcanic regions from which 
it is chiefly obtained. Is also found in many ores in combi- 
nation with various metals as sulphides and sulphates, Is also 
found in many mineral springs, both free and as suljiliides, sul- 
phates and even sulphurio acid. la found in many organic 
bodies, in all plants and animals. 

Preparation. — Nearly all is prepared from native S by dis- 
tillation : a little from Fe H,, iron pyrites. 

CoMrouKDS.— With H, 
H, S, Hydromilphurio Acid—eiaa calleil hydrogen sulphide 
thuretted Iiydnigen. A gas, colorless, with a oharacter- 
ip of ratten eggs ; fairly soluble in water. Produced in 
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nature during the putrefactive decomposition of alL organic 
bodies containing S. Also found in many mineral springs. 

Prepared by acting on iron sulphide with dilute sulphuric 
acid, thus : 

Fe S+Ha SO4, Ha 0=Ha S+Fe SO4, HaO. 

It is used in the laboratory largely as a reagent in the sepa- 
ration of the metals. 

With O. 

S Oa, Sulphur Dioxide or Sulphurous Anhydride, — This is 
usually prepared by burning S in the air. It is a gas, colorless, 
irrespirable, with a characteristic suffocating odor ; easily 
liquefied and then is used for making artificial ice. It is the 
most practicable and easily managed disinfectant. For this 
purpose it is usually prepared by burning S in an iron pot set 
in a tub of water in the room to be disinfected. It is power- 
ful enough for all practicable purposes. It is also used con- 
siderably as a bleaching agent for vegetable colors. It 
bleaches in a different manner from CI, for that takes up H 
and liberates O, while SOa takes O and liberates H. 

When dissolved in water it forms sulphurous acid. 

SOt, Sulphur Trioxide or Sulphuric Anhydride — This in it- 
self is of little importance, but when united with water forms 
sulphuric acid. 

With O and H. 

Acids of S^— Ha SOa, Hyposulphurous acid. 
Ha SOa, Sulphurous acid. 
Ha SO4, Sulphuric acid. 

Ha Sa O3, Thiosulphuric acid. 
Ha Sa O7, Pyrosulphuric acid. 

Ha Sa Oe, Dithionic acid. 
Ha Ss Oe, Trithionic acid. 
Ha S4 Oe, Tetrathionic acid. 
Ha Se Oo, Pentathionic acid. 



a only onea of importance a 
and pyroflulpliuric. 
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This occurs in nature uncombined in a few mineral springs, 
but chiefly in combination with the metaJs as sulphates. 

It M a liquid, heavy, its specific gravity being about 1.85 ; 
■volatile, very hygroscopic and when mixed with water, eTolv- 
iug considerable heat. It readily attacks organic matter, 
blackening them. It is one of the most powerful acids 
known, being able to displace nearly all the other acids from 
their compounds, especially when aided by heat. Moat sul- 
phates are soluble in water but barium sulphate, Ba SOj, is 
very insoluble. 

It is prepared in the following way: At one end of a long, 
low leaden chamber, S or iron pyrites, Fe Sj, is burnt. Either 
of these when burnt forms SOj which passes into the chamber 
in the form of a vapor. At the same time a certain amount of 
potassum nitrate, KNOt,iB burnt and from this the gas, Ni Oi, 
is obtained which is al^o passed into the chamber. There it 
meets the SOj and gives up to that one of its atoms of O, mak- ■ 
ing the SOi into SO,, and reducing itself to NaOj. This N,0, 
immediately takes up another atom of O from the air pres- 
ent in the chamber, forming N, O, again, which again giTes up 
its eitra atom of O to more SO,. In that way a little N,0, will 
make the transfer of O to a large amount of S Oi. Jete of 
steam are constantly blowing into the chamber and the Hi,0 
in this meets with the SO9 and forms Hi S0< which falls to the 
floor. This chamber acid, as it is called, is continually drawn 
off. It is condensed in platinum pans and then is called pan 
acid. This constitutes the comniercial sulphuric acid or oil of 
vitriol. To get the chemically pure acid it is still further con- 
centrated in glass vessels. 

HiSiOi, TTnomlphurie Acid. — This was formerly cajled hypo- 
sulphurous and its bilIIs are still commonly known as hyposul- 
phites. The graphic formula has a peculiiirity showing the 
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relationship between O and S. In it an atom of S replaces 
the usual atom of O in one of the hydroxyl groups. [See Grap- 
hic Formulce under the head of Acids.] The acid itself has 
never been isolated, but its alkaline salts are of great impor- 
tance in photography, as they have the property of dissolving 
out the silver-salts which have not been acted upon by the 
light and precipitated. 

HiSi Of , Pyrosvlphurie Add, — ^This was formerly called Nord- 
hausen or fuming sulphuric acid. It is largely used for dissolv- 
ing indigo and in the preparation of artificial vegetable colors. 

With O. 

C/Sfj, Carbon Bisulphide, — ^A liquid, volatile, heavy, color- 
less, having a repulsive odor, which, however, may be due to 
impurities. It is very inflammable and its vapor forms an 
explosive mixture with O. Used largely as a solvent of S, P, 
gutta-percha, caoutchouc, etc. 

SELENIUM— SE. 

AND 

TELLURIUM— TE. 

These are unimportant elements very closely related to S 
and often found associated with it. They form acids similar 
to sulphuric and sulphurous. Te in many respects resembles the 
metals and seems to be on the border line between them and 
the non-metals. They occur only in small quantities and are 
of very little practical value. 

SILICON— SI. 

Properties, — A solid, existing in three different modifica- 
tions, one amorphous and two crystalline, in this respect 
resembling C. They are all insoluble and are only attacked 
by one acid, hydrofluoric, which converts Si into SiF*, a gas. 
. Occurrence, — Next to O, it is the most abundant element in 
nature. Never native. It is found combined with O as silica 



n quartz, eaud. Bint and Tuany minentlB. All clays are Kili- 
cfttes of Al and many other sUicatea are found. 

CoMPOTjNiis. — With O. 

SiOi, Silicon diotcide or Silica. — A solid, tasteleaa, odorleas, 
soluble in water only when freshly prepared, attacked by no 
acids but hydrofluoric, almost infusible. Found in ail granitic 
rocks, wliich are compoBed of quartz, felspar and mica. Quartz 
is almost pure silica auil so axe sand and agates, the latter be- 
ing a coiloidai form which is deposited from silicioua water in 
cavities in the rocks. This silicioua water is the chief agent 
in petrifaction. Bilica forms the skeleton of some inverte- 
brate aniuials, such as diatoms and sponges. It also gives- 
etiShess to the stems of plants. Hyd rated it forms the opal. 
When freshly prepared and combined with water it forms 

HaSiOi, Silunc Acid. — This is quite unstable and does not 
keep well, decomposing into water and and silica. It forms 
ailicates, of which the most important are : 

(1) Glass ; silicates of K, Na, Pb, Ca, on» or more, with an 
excess of Si present. 

(2) Soluble glass ; silicata of K or Na, with an excess of 
base present. 

(8) Clay and felapar ; both ailicates of Al, the latter alio 
containing K. 

PHOSPHORUS-P. 

Properties. — A aolid occurring in two modificationa. 

(1) Yellow phoaphoruB, soft and flexible, insoluble in 
water, but soluble in oils, naptha and carbon disulphide. Poi- 
sonous, volatile and very inflammable, being set on Are occa- 
sionally by the temperature of the body. Fusible, and lumin- 
ous in the dark. Combines with O at ordinary teaiperatures. 

(3) Red or amorphous phoaphorua. Opaque, insoluble in 
carbon disuljihide, infusible, nou-luminoua. and linving no 
tendency to combine with O. At a ttmjjerature of aW C, it 
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is reconverted into ordinary P, and then behaves like that. 
It is not poisonous. 

Tidy mentions two other modifications, a white opaque 
variety and a black variety. Neither are of importance. 
History. — Discovered in the urine b^ Brandt in 1669, 
Preparation, — From powdered calcined bones by the fol- 
lowing steps : 

(a) Add sulphuric acid ; thus 

Cas(P04)a+2HaS04=2CaS04+CaH4(P04)9. 

(b) This is then filtered, removing the calcium sulphate, 
dried and distilled with powdered charcoal ; thus 

3CaH4(PO4)a+10C=Cas(PO4)a+6HaO+10CO-HP. 

Occurrence, — Very widely diffused, occurring in all rocks, 
plants, animals and vegetables, but always oxidized. Its 
chief source at present is the mineral apatite, which is an im- 
pure tricalcic orthophosphate, Ca3(P04)9, contaminated with 
calcium fluoride and calcium chloride. It is not certain how 
this is formed, but possibly from animal and vegetable remains. 
In plants and animals, P exists chiefly in the form of this 
tricalcic orthophosphate. Lecithin is an orthophosphate of 
an organic base. 

Uses, — Free, in the manufacture of matches ; combined, in 
many ways. 

Compounds.— With H. 

PETs, PhosphortLS Trihydride or Phosphoretted Hydrogen, 
— A gas. Inflammable, colorless, with a marked alliaceous 
odor. Resembles in many of its chemical properties ammonia, 
but is a much weaker alkali. 

P forms several other compounds with H, but they are of no 
importance. 

With O. 

PaOs, Phosphorus Trioocide or Phosphorous Anhydride, — 
A powder, volatile, white. Formed by the slow combustion 



"otP Eft limited amount of air. When combined with water 
it forms phosphoroua acid. 

P)Os, Phosphortis Pentoxide or Phoaphorio Ankydride. — 
A soft, wliite powder, very deliquescent. Formed by rapid 
combustion of P in an excess of air. 

With O and H. 

Acids of P — HiPO,, HypophoaphorouH acid. 
HsPO,. Phosphorous " 

H,PO,, Ortho-phosphbric " 
H P0=, Meta-phosphoric ■' 
H,PaO„ PjTO-phosphoric " 

The important ones are the last three, which are all derived 
from phoHphoric anhydride ; time 

(1) Pa0ii+H,0=3HP0i, meta-phoBphoric acid. 

(2) Pi0.-)-2H,O=H,PiO,, pyro-phoaphorio acid. 

(3) P,0,-|-3H,0=2H,PO„ ortho-phosphoric acid. 

The ortho-acid is the most important, and when the term 
phosphoric acid is used that is the one usually referred to. It 
ia a liquid, the other two being solid. The meta-acid is known 
in the Pharmacopeia as glacial phosphoric acid. 

BORON— B. 

Important only in iia combinationa. Never native. Occurs 
OS boracic acid, HiBOj, in lakes in Tuscany, and aa l>ora:t, 
sodium biborate, Na^BiOi, in lakes in California and Thibet. 
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CHAPTER IV. 

WATER. 

Occurrence, — In the liquid form it occurs in the ocean, seas, 
la,kes, rivers, rain, etc., and is also disseminated throughout 
the earth's crust. In the solid state, it occurs as snow, ice, 
glacier, etc. In the state of vapor it occurs as clouds, fog, 
mist, etc., and is always present in the atmosphere. It occurs 
as water of crystallization in many minerals. It occurs in all 
plants and in all animals, constituting about three-fourths of 
an average man'B weight. 

History, — In 1781 Cavendish and Watts proved its composi- 
tion by synthesis. In 1805 Hmnboldt and Gay-Lussac deter- 
mined the ratio of its constituents. 

Formation, —Formed whenever H or combustible bodies con- 
taining H are burnt in O, atmospheric air, or any substance 
capable of supplying O. This combustion may be rapid or 
slow, in the air or in animals or elsewhere. 

CLASSIFICATION OF NATURAL WATEES. 

(rain 
Atmospheric < snow 

( hail, etc. 

Terrestrial 

A — Sweet — (1) Spring-water 

(2) Ground-water 

(open 

(3) Well-water •< driven 

(artesian 

(4) Pond or lake- water 

(5) River-water 

B — Salt — (1) Ocean-water 

(2) Inland sea-water 



Hineral— (1) Sulphur 

(2) Salme 

(3) Acidulous 

(4) Chalybeate 

(5) Alkaline 

(6) Acid 

(7) Alum 

(8) SiliciauB 
(0) Borax 

ATMOaPHEBIC WATERS. 

Constituents. — Even rain-water is not pure. It contains ! 

(1) — Sohd particles of dust. 

(3) — Germs of animnis and plants, including bacteria. 

(3) — O, N, carbon dioxide and anunonia, from the atmosphere 
of -which they are constant components. 

(4) — ^Nitric and nitrous acids are commonly present, chiefly in 
combination with ammonia. 

(5) — Organic substance in small amount. 

(0) — Sulphuric acid ia nearly always present in rain falling In 
towns. It comes from sulphur compounds, the products 
of the combustion of coal. 

(7) — Sometimes a very small amount of hydrochloric acid, 
sodium cliloride, calcium chloride and other saline sub- 
stances. 

(S) — Traces of ozone and hydrogen peroxide. 

8PEINO-W4TKB. 

Constitventi. — Always impure. It contains the soluble 
materials of the Boil and these depend upon the nature of the 
soil through which it passes. When the soil is scanty and the 
rocks granite, spring-water is very nearly pare. In other 
regions, especially in lime-stone countries, it is heavily charged 
with salines. It is generally very clear, sparkling and cool, 
and on account of these properties very potable. It contains : 
(1) — Chlorides, sulphates and hicarbonatcs of K,Na,GaandMg. 
(3) — Almost invariably silica in amiM amounts. 
(3>— Usually AI and Fo in traces. 
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(4)— O, N, ozone and hydrogen peroxide in solution derived 
from the atmosphere through which it first passed. 
More O than N is dissolved proportionately. One hun- 
dred volumes of the air obtained from water consist of 
thirty-five of O and sixty-five of N. 
(5) — Organic matters of various kinds, derived from the decom- 
position of plants and animals, chiefly the former. These 
may be nitrogenous or non-nitrogenous. 
(6)^Bacteria and their germs, usually harmless. 

Hardness is more apt to occur in spring-waters than others 
and is due to the lime-salts chiefly, but to some extent to Mg 
and Fe, foimd in these waters. The term is used because 
these elements form insoluble compounds with soaps and in 
that way prevent the formation of a lather until they are 
entirely precipitated. The hardness is called temporary when 
due to the bicarbonates, for by boiling these are converted into 
carbonates which precipitate. Permanent hardness is due to 
the sulphates, for these are not affected by boiling. The tem- 
porary hardness can be removed as regards boiler-incrusta- 
tions by the addition of ammonium chloride, for that converts 
the bicarbonates into freely soluble chlorides, which are not 
precipitated on boiling. They can also be prevented from 
forming boiler-incrustations by the addition of starchy or sac- 
charine bodies or some substance like saw-dust, around which 
they can collect. Temporary hardness may also be removed 
by the addition of lime, CaO, for this reduces the bicarbonate 
to the carbonate which precipitates : thus 

CaHa(CO,)a-|-CaO=2CaCOH-H,0. 

This is called Clark's process. 

GROUND-WATER. 

This is the water which is contained in the soil down to the 
level of the uppermost impervious stratum. It consists of 
surface-drainage, and for the constituents of it see under 
«* Well-water." 



Ordinary open irella aro supplied i>artly by epringa and 
partly by surface-drainage. The constituents which it receives 
from the former are those naturally present in all sweet waters 
and are given under " Spring- water." From tlie latter source 



(!) — Sodium chloride. This is much increased from the drain- 
age of house-refuse. 
(3) — Ammonia, nitrates and nitrites. Are generally present, 
owing to the decomposition of organic matter. They 
are harmless in themselves, hut may be indicative of 
their source from animals. 
(3) — Filtered sewage-matters from the proximity of cess-poola 

and privies. 
(4) — When near grave-yards it is often impr^nated with ani- 
mal matter from recently filled graves. 
(5) — At times noxious bacteria. 

Driven wells are also partly supplied by surface drainage 
and nearly to the same extent as open wells. Deep artesian 
wells which bring water from deep-lying strata supplied from 
a distance are usually free from all the organic impurities of 
well-water, tliough they may contain so much mineral matter 
as to render them unfit for ordinary piuTxiaes. They are ser- 
viceable when there is a bed of sand or eoniething permeable 
to wat«r encased between two layers of clay or rock impervi- 
ous to water. The slope of the waters must be such that 
the place where the artesian well is, which goes down into the 
pervious stratum, must be lower than the point where the water 
is first collected in the soil. They are not successful in New 
York City, as the strata do not have that direction, but are 
almost veriJcaL 

POmi, LAKE AND RIVER WATERS. 

Tliese are generally purer than spring-water. Rivers are 
more likely to be charged with susiwnded impurities, but 
when the water Hows into lakes, the sediment subsides and it 
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becomes clear. Rivers flowing through populous districts 
often become contaminated with sewage to such an extent as 
to make them positively offensive and dangerous to those who 
drink the water. These animal matters, however, soon become 
oxidized, and thus rendered harmless, by the O held in solu- 
tion and by the action of the vegetable organisms present, 
including bacteria. This action renders the water pure within 
10 to 12 miles of the source of contamination if the river is of 
any size. This is true of all waters that are exposed to the 
air, but especially of those that are in motion.* 

SALT WATER. 

The water of the ocean contains considerable sodium chlo- 
ride and magnesium chloride, some potassium sulphate, cal- 
cium sulphate, magnesium sulphate, sodium bromide and traces 
of a number of other elements. The total amounts to 2,188 grains 
per gallon, of which about four-fifths is sodium chloride. The 
Dead Sea contains about six times as much mineral matter to 
the gallon, and the Great Salt Lake about seven times as 
much. Both of them contain a number of salts, not found in 
the ocean, and due to the peculiar nature of the soil drained 
by them. 

MINERAL WATERS. 

These are natural waters which contain unusually large 
quantities of some of the ordinary impurities or are charac- 

* This aotion is mach disputed by excellent authorities, who maintain 
that while it oxidizes the dead organio matter, it has no effect but that of 
dilution on the living bacteria, especially those of typhoid fever. The 
Committee of the American Public Health Association on Water Supply 
endorse the opinion of the English sanitary authorities, viz. : " Of all the 
processes which have been proposed for the purification of water or of 
water polluted by excrementitious matters, there is not one which is suffi- 
ciently effective to warrant the use, for dietetic purposes, of water which 
has been so contaminated. In our own opinion, therefore, rivers which 
have received sewage, even if that sewage has been purified before its dis- 
charge, are not safe sources of potable water.*' 




ized hf nniiBUBl conetituents. They nmy be divided into □ 
classes, as follows : 
(1) — Stdphur : contains sulphuretted hydrogen and the metallio ly J 
sulphides which give the water ita characteristio Hy 
\ taate and smell. In addition they usually contain Bul- -^^t** 

phates, carbonates, chlorides and sometimes free S. 
Examples are Harrowgate of Eng., White Sulphur of 
Va. 
(2) — Saline ; those having a salty taste ; of three claaaes, 

1 — Brines, coutainiug sodium chloride, as at Syracuse, 
N. Y. ^ -" 

t^ ^2 — Bitter waters coutalning magnesium and calcium t/ft^ f 

... chlorides, as St. Catherine's Well, Canada. ^ <i4 9j 

I, 8 — Purgative waters, containing magnesium sulphate 

or sodium sulphate, as Epsom or Kissingen. JH 

(3)— ^ctdufous ,- those containing free carbonic acid in such . '.-i 

^ quantities as to cause effervescencB, They generally, .,i 

' A**-iai^contain also sodium chloride anc' bicar bonates of Nq, ^^ t 

K, Mg, Ca and Fe, besides small amounts of otherMjls.'" — ■* ' I 

Examples are Apollinaris, Seltzer, ete. *| 

(4) — Chalybeate ; those containing sufficient iron to give tliem ; 

.atfmti- medicinal value on account of it. It ia usually in the ' 

vPiZL w^-form of the bi-carbonate or the sulphate. Almost all | 

^^f^ ^ • acidulous waters contain a little Fe. Examples are j 

f'*!^-ig*' Sweet Chaipbeate Spring, Va.; Cooper's Well, Miss. , I 

~AlkaliTW; tiiese are not alkaline in the fresli state, but l«^v J 
after boiling, owing to the bi-carbonates being converted^ V Vl^ 
into carbonates. Besides these they usually contain so-'-^l^' ^*2 
dium chloride and traces of other salts. They aro^^~^ *^ 
usually acidulous too. Eiamples are the Saratoga ^''"-*^ 
waters and the Vichy waters, ^ 

(6) — Acdd ; those containing free mineral acids, such as hydro- 
chloric or sulphuric. Rio Vinaigre, in South America, . 
contains both. Oak Orchard iSpring, N. Y. ,, contains \ 
free sulpurtc acid. 
(7) — Alum ; those containing alum. In addition they fn?- 
quently contain free sulphuric acid and Ff 
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tion. Examples are Rockbridge Alum Spring and 
Church Hill Almn Spring, both in Ya. 
(Sy-SUicious ; those containing a decided amount of silica. 
They are usually hot springs and contain the alkaline 
carbonates. The silica is often deposited around the 
spring in the form of tufa, as the water cools. Exam- 
ples are the Geysers in Iceland and California. 
(JSy-BorcLx; those containing sufficient borax to make it profit- 
able to extract it Examples ore certain lakes in Thibet 
andCaL ^dU^^Ob\ 

Many mineral waters also contain As and some in sufficient 
quantities to render them of medicinal value on account of it. 
Artificial mineral waters if well made are about as good as 
naturaL Comparatively pure spring waters are often fraudu- 
lently advertised and sold as mineral waters. Among these 
are the so-called magnetic springs. These consist of a long 
iron pipe driven into the earth and furnishing water. The 
pipe under the action of the earth's magnetism after a time 
becomes magnetic. It communicates no virtues to the water. 

SOUBCES AND EFFECTS OF IMPURITIES IN WATER. 

Mineral Impurities. — ^These are derived from the soil. 
About ten or twelve grains per gallon of the salts of Mg and Ca 
are necessary for the best interests of health. When more 
than this is present, however, they are liable to cause dyspepsia, 
goitre and cretinism. 

Organic Matter, — This may be derived from vegetation 
growing on and within the soil. If so, it is harmless and un- 
objectionable, even though it gives a yellow appearance to 
the water. It may be derived from the decomposition of ani- 
mal matter and in that case it may come from cess-pools, 
privies, manure-heaps, barn-yards, grave-yards, bodies lying 
on the surface of the ground or in the water, defective and 
leaky drains, etc. It may be highly dangerous even when 
present in minute quantities from the bacteria which it may 
represent. If due to animal decomposition it is accompanied 
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oy the presence of nitrates, nitrites, ammoma and usually a 
considerable amount of sodinm chloride, but it is not noxious 
on account of tliese. It has cauGed dysentery, diarrhiBa, 
typhoid fever and cholera through the pathogenic bacteria 
which, it may contain. 

Refuse of Factories. — This is unimportant if it runs inW a 
flowing stream. The poisonous salts often neutralize each 
other and are so rapidly diluted that they become innocuous. 

Metallic Impregnations. — These are derived from pipes and 
tanks. Copper baa been occasionally detected in the water 
and known to give rise to sickness. The most common metal 
found in water is lead which causes chronic plumbism. One- 
hundredth grain of Pb per gal. has been known to produce 
plumbism if taken habitually. If the water contains free O 
or free carbonic acid or nitrates, it will dissolve considerable 
Pb. owing to the formation of the hydrate, bi-carbonate or 
nitrate. If, however, it contains sulphates, these soon form an 
Insoluble film of lead sulphate which prevents further action. 
Water which has been allowed to stay over night in the pipes 
should never be used for drinking purposes. Tin-lined lead pipes 
shonld always lie used in preference to plain lead. They have 
aU. the advantages of the lead-pipes and no disadvantages. 

DKTKCnoN OF TMP rnt.miW dj WATER. 

(1) — Notice the ta*te, odor, r&Ktion, tvrbidity and color. Pure 
water should be negative in all these respects. 

(2) — Dissolved Solids. — Evaporate a given amount of the fil- 
tered water, dry the residue and weigh. 

(3) — Organic and Volatile jl/a((er8. —Expose the residue thus 
obtained to the flame of a Bunsen burner. If organic 
matter is present, it will turn brown or black. All or- 
ganic and volatile matters are dissipated. Their weight 
can be determmed by subtracting the weight of the 
residue left from the weight of the residue left in {'i). 

(4)— Harditess.— This is determined by Clark's test. Tliis con- 
its in using a standard solutiou of soap to make a 
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lather with the water. The solution is added slowly to 
the water in a bottle, and each time the bottle is well 
shaken until finally a lather is made which will remain 
for five minutes. The soap solution is first standardized 
by means of a known solution of calcium chloride. 

(5) — Chlorine. — By means of silver nitrate, Ag N0». A known 
solution is put, drop by drop, into the suspected water 
in which a few grains of potassium chromate have been 
dissolved. When all the chlorides have been precipi- 
tated as silver chloride, the silver nitrate strikes with the 
potassium chromate a permanent red color. The silver 
chloride is a heavy white powder, insoluble in nitric 
acid but soluble in ammonium hydrate, and blackening 
on exposure to light. These characters are sufficient to 
distinguish it from the other two white chlorides which 
are also insoluble in water, those of Pb and Hg. 

(<d>y-Sulphuric Add, — Acidulate with hydrochloric acid, heat 
and add barium chloride, Ba 01s. It forms a dense white 
precipate of barium sulphate, Ba SO4. 

(7) — Nitrous Add. — ^Add sodium sulfanilate and sulphuric acid. 
Then the addition of naphthylamine sulphate will de- 
velop a pink color. 

(8) — Nitric Add. — Both this and nitrous acid are reduced to 
the form of ammonia by means of Zn coated with Cu. 
This really constitues an electric couple. The amount 
of ammonia is then determined by Nesslerizing, (see (9) ). 
From this is subtracted the amount of free ammonia as 
determined by (9) and also the amount due to the ni- 
trous acid as determined by (7). The remainder is that 
due to the nitric acid. 

(9) — Ammonia. — By the Nessler re-agent, which is a solution 
of potassium iodide, KI, and mercuric chloride, Hg Cla, 
in an excess of liquor potassae. This re-agent strikes 
with ammonia a color, varying from a yellowish to a 
deep-brown tint, according to the amount of ammonia 
present. The amount of ammonia is determined by 
comparing this tint with the color developed in a known 



Bolution of ammonium chloride, NHi CI, by the same 
re-agent. The Btrength of the known solution is faried 
until it strifcea the eame color as that of tbe water. The 
known solution and the water must than contain the 
same amount of ammonia. 

The ammonia present ia of two varieties, free ammo- 
nia, which exists free or in loose chemical combination 
with acida in the water ; and albumenoid ammonia, 
which ia not in the form of ammonia, Imt exists aa the 
Nof organiccompounds there present. Tliefree ammo- 
nia is obtained by simply distilling the water, first hav- 
ing added a stronger alkali, such as soda or potassa. 
The dlBtillation is continued until no more ammonia 
comes over. The distillate is then Nesslerized, To the 
water left in the still some potassium permaganate, 
KjMniOi, is added. It is then distilled and by tbe action 
of these salts oa the albumenoids during boiling they are 
broken up and the N contained in them ia reduced to 
ammonia. ThisdiBtillsover and ia Neflalerized. A good 
water never contains more than 0.10 parts of free 
ammonia or 0.15 parts of albumenoid ammonia per 
1,000,000. 

(10) — Organic Matter. — By potassium permanganate, KiMniOs, 
from which the organic matter takes O ; thus 

K,Mn.jOB+3H,80.-50=K:,SO.-i-2MnSO,+3njO. 

The potassium permanganate is in this way deatroyed 
and the color of the solution, a deep purple, weakened 
or removed. 

{liy^Caleium. — Add ammonium chloride and liquor ammo- 
nise. Then ammonium oxalate, (NH.)jC,0„ gives a 
white precipitate of calcium oxalate, CaCaOi. 

(13>—M^affnc«i«m.— Add ammonium cliloride and liquor ammo- 
nice. Then disodic orthophospbate, Na, H PO,, givea a 
white precipitate of ammonio-magnesiau phosphate, 
Mg NH, PO,. Under the microscope this appears aa 
long, prismatic crystals. 
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(13) — Carbon Dioxide, — ^The addition of lime-water, which 
contains calcium hydrate, Ca(OH)a, gives a white pre- 
cipitate of calcium carbonate, Ca COs. Baryta-water, 
containing barium hydrate, Ba(OH)s, is often used in- 
stead of lime-water, as the barium carbonate formed is 
even less soluble than the calcium carbonate. 

(14)— The sediment should be examined microscopically. This 
is not of great value, but it may give some idea of the 
organized life present in the water. 

(15) — Biological Analysis, — ^This is to determine the nimiber 
and kinds of bacteria present in water. Mix 1 c. c. of 
the water with 10 c. c. of sterilized, gelatinized beef 
tea which has been melted with a gentle heat. Shake 
the mixture thoroughly in a sterilized tube and then 
pour it onto a level sterilized plate. This is set over a 
cake of ice and over it is placed a glass cover. When it 
has set it is transferred to an incubator. Great care 
must be taken during the maipulations that bacteria 
floating in the air do not get on it. In a few days each 
bacterium will develop a colony and these can then be 
counted with the naked eye or with a low-power micro- 
scope. The kinds are determined by the microscopical 
appearance of the bacteria, the appearance and manner 
of the development of the colonies, the presence or 
absence of pigment, and in some cases the effect of 
inoculation on animals. 

The results of this method of water-analysis are hardly 
better than chemical analysis, as yet, but the field is a 
promising one and further researches may prove its value. 

The results obtained by the analysis of water afford at the 
best but approximate indications for action. It can tell us if 
the water is absolutely pure, but if impure, it cannot say 
whether it is dangerous for use or not. If an open or driven 
well is within one hundred feet of a privy, cess-pool, manure- 
heap, barn-yard or any source of animal contamination, it 
should be condemned unless the water is absolutely free from 
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n evidences of organic contamination. Even then it sbould 
be esamined at short intervals, for either drought or increased 
rain-fall may cause it to becotua contaminated. Tlie indica- 
tionB obtained from T^-ater-analysiti wluch ore of value may be 
summed up as follows : 

(1)— If it contains considerable sediment but no ammonia, 
nitrites or chlorides, the water is fit for use but the well 
requires cleaning. 
(2) — If there is less than the pennisslble anunonia and very 
little or no nitrates, nitrites or chlorides, the water is 
probably good and the ammonia is either derived from 
rain-water or ia of vegetable origin. 
(8) — If the water is hard and contaiDS considerable chloridee 
but little or no ammonia, nitrates or nitrites, it is good 
except for tlie hardness, and the chlorides are derived 
from the rocks through which it lias passed or from the 



(4) — n it is soft and contains considerable chlorides, it is very 
suspicious, even though it contains little ammonia, ni- 
trites or nitrates. The chlorides in this case are prob- 
ably derived from sewage or house refuse. 

(6) — If it contains considerable niti'itea and chlorides, that 
would be almost enough to condemn it, even if there is 
very little ammonia present. 

(6) — If it contains an excess of am.mania, chlorides and nitrites, 
it should Iw condemned of course. 

(7) — If it contains more than the j)emiis3iblo amount ot ammo- 
nia but no nitrites or nitrates and only traces of chlo- 
rides, it is very suspicious. The well should l)e very 
carefully examined and unless all poB.^ibility of animal 
contamination is eliminated it should be condemned. 
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CHAPTER V. 

AIR. 

THE ATMOSPHERE. 

Height, — Shades off insensibly ; about one-half is contained 
within three miles.and thirty-one thirty-seconds within seven- 
teen miles. 

Weight. — One hundred cubic inches of air weigh thirty-one 
grains. This is determined by exhausting a vessel of known 
c&pacity, finding its weight, then weighing it filled with air 
and noting the difference. The weight of the atmosphere as a 
whole, or the pressure of the atmosphere, is approximately 
fifteen pounds to the square inch. It is determined by means 
of the barometer. 

Composition of the Atmosphere, 
A— Gkises. 

(1)— Na ; by weight 77 parts, by volimie 79. 

(2)— Oa; ** " 23 ** " 21. 

These figures are only approximate and are determined 
after removing everything else from the air. 

(3)— Water in the form of vapor. — ^The amount depends largely 
upon the temperature and varies from 0.1 per cent, to 
2 per cent, by weight. When the air contains all the 
moisture it is capable of taking up at that temperature, 
it is said to be saturated. 

(4) — Carbon Dioxide : by weight 0.06 per cent., by volimie 0.04 
per cent. There are 63 grains of carbon dioxide on each 
square inch of the earth's surface. 

(5)— Ammonia, 1 part per 1,000,000. 

(6) — Nitrous and nitric acids, often in combination with am- 
monia. 



e and hydrogen peroxide in mere tracea. 
(8)— Sulphuric acid and other sulphur conipoundfl in the neigh- 
borhood of cities, owing to inipuritiee in coal. 



B— SoLdB. . JjuLot: 



(1) — Coamical^Meteorites, etc. 
(2)— Terrestrial, 

(a)— Mineral — Volcanic duet, fine Band, clay, etc. From 

the sida-water various mineral salts. Sodium chloride 

is always present in the atmosphere, 
(b) — Organic. 

1 — Dead. — Fragmenta of plants and animals, hairs, 

epitbeUal ecalea, manure, etc, 

2— Living— Moulds, yeasta and bacteria, and their 

germs , and pollen. 
Of these constituents of the atmosphere, those which are 
especially related to plants are carbon dioxide, water, ammo- 
nia, nitric and nitrous acids. These form the food of plants. 
All the C in plants is Obtained from carbon dioitide, the O 
being returned to the atmosphere. They obtain all their N 
from these compoundB, none being taken from the free N of 
the atmosphere. In the plants these compounds are aplit up 
and reunited into others which are but shgliOy oxidized. 
Plants also liave a respiratory function by which they con- 
sume O and give off carbon dioxide. Tliis is of very much 
less importance than their consiunption of carbon dioxide and 
is best noticed in the absence of light when that function is in 

Those constituents which are especially related to animals, 
are water and O. Most other components of animals are 
derived from plants and are oxidized by the O taken from the 



Of the other com^ionents of the atmosphere, not much need 
be said. The N ia simply a diluent of the O, and the others 
are accidental impurities. Moulds and their germs cause the 
formation of moulds ; jeaeta and some bacteria cause formen- 
tBtiona ; other bacteria eauae putrefaction ; and some varieties 
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of pollen cause hay-fever. The suspended mineral and dead 
organic matter, if present in excess, may act as an irritant to 
the lungs, and cause a variety of interstitial pneumonia. 

HOUSB-DRAINAOE. 

This should be so constructed as to keep out of the air of the 
house any admixture of sewer-gas, but it often fails entirely 
owing either to incorrect or defective plumbing. The compo- 
sition of sewer gas is approximately as follows : 
(1) — Methane and carbon dioxide chiefly. 
(2)^H, N, and ammonia. 

(8)— Acetic, lactic and butyric acids. ^Or^^ --«:^*^!^^^e, . 
(4)— Sulphuretted hydrogen, mercaptans and sulphur ethers 
which give it the offensive odor it may possess. 

None of these £»:e given off in such quantities undes ordinary 
circumstance as to produce disease themselves. The danger 
is from the x)athogenic bacteria which may be present. These 
are not volatile but are sprayed up into the air of the sewer by 
the breaking of bubbles on the surface. Their specific gravity 
is then so light that they are carried by the air-currents. The 
way to prevent disease from this source is by proper plumb- 
ing. To do this the soil-pipe and back-air-pipe should open on 
the roof, and every trap should be back-aired. The accom- 
panying diagram shows these points : 

A is the sewer. ABC is the soil-pipe, openinir on the roof at C and 
trapped at D . EF is the ventilating-pipe commrinicatinfir with the soil-pipe 
just behind D. GJKH is the ventilatinjr-pipe to the traps, openlnsr on the 
roof at G and giving off branches at J, E and N to the traps of the fixtores 
L, M, O, which branches are connected on the soil-pipe side of the traps as 
indicated PR is the leader from the roof connecting with the soil-pipe 
at B and trapped at R. The object of £F is to have a constant current of 
air blowing through the pipe. The air in BC, being within the house, be- 
comes heated and escapes through C, while fresh air enters through EF. 
The object of Gil and its branches, J, E, N, is to prevent siphoning of the 
traps by an action similar to that of the Sprengel air-pump. 
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L The engraTor haa made all the trajM in the diagram too shallow, except 
at B. They should be so deep as to diyide the U-shaped oolomn of water 
into two distlnot limbs, conneoted only at the bottom.] 
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Besides the points indicated in the diagram and its explan- 
ation, there are some others in practical plumbing which it is 
well to bear in mind. The soil-pipe should be of iron and 4 
inches in diameter. After it changes from the perpendicular 
it should have such a slope as to insure a current of at least 
43^ ft. per second. The traps should be the S-shaped syphon 
traps and preferably those without pans or hoppers but flush- 
ing directly. The water-closets should not communicate 
directly with the house-tank but with small waste-preventer 
tanks, containing 2-4 gals., which are filled automatically 
from the house-tank. The over-flow pipes if they empty into 
the house-drain, should do so on the side of the trap furthest 
from the drain. The sewer should be of an oval egg-shape 
with the small end down. It should be smooth internally and 
have a slope sufficient to cause a current of not more than 4^ 
ft. per second nor less than 1 ft. It should have ventilating 
shafts and man-holes at intervals of not more than 100 yards. 
The best method of sewage-removal undoubtedly is the sep- 
arate system. In this there are two sets of pipes ; one set is 
small and securely sealed for the removal of the house-refuse ; 
the other is larger and serves to carry away the surface and 
subsoil drainage. 

Ground-air is that which fills in the interstices of the ground 
down to the water level. It is derived largely from the decom- 
position of vegetable and animal remains in the soil. It is 
detrimental to health from the large amount of moisture 
always present and from the pathogenic bacteria which it may 
contain. In order to keep it out of the cellar. Prof. Chandler 
recommends that coal-tar pitch be used in the following way : 
Melted hard coal-tar pitch is poured on the floor in a thin 
layer and on this, while still soft, bricks are placed close to- 
gether on edge. When the whole is set more melted pitch is 
poured over it, sufficient to fill up the spaces between the 
bricks and cover the whole to the depth of a quarter-inch. 
The sides of the cellar are then covered with the pitch up to 
the level of the ground. 
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In the prsvinus section were discussed the metboda of keep- 
ing impure air out. In order to let fresh air in and to remove 
the air rendered impure within the house, thorough ventila- 
tion is necBBBary. The percentage of carbon dioxide in the 
atmosphere of a room vitiated by respiration should never 
exceed .06 per cent, bj volume. This is taken as the limit, 
not, however, because that amount of carbon dioxide Is injur- 
ious. Pettenkofer and Volt found that it produced no injuri- 
ous effects in the amount of 1, per cent, but that was when it 
was not due to respiration. In the air of a room it is taken as 
representing the volatile organic matters, which are in such 
small quantities that thej cannot be measured directly, but 
which are very injurious to the health. Taking .06 per cent, 
as the limit, each human adult requires about 8,000 cubic feet 
of air per hour. In order to supply thia amount the air-space 
to each adult should be not leas than 1,000 cubiafeet, for it is 
found that the aii in a room cannot be changed by most meth- 
ods of ventilation of tener than three times per hour without 
creating draughts. 

Methods of ventilation may be divided into natural and 
artificial. Natural methods depend for their action on : 

(1) — Diffusion. Of very little consequence as a ventilating 

(2) — Difference in density between warm and cold air, the 
vrarm rising and the cold forcing its way in. 

(3) — Of most importance, the perflating and aspirating action 
of the wind. The former is utilined in cross-ventilation 
between windows or perforations in walls. Draughts 
should be avoided, and in order to do so, many ingenious 
devices have been used. A very simple one is to raise 
the lower saah of a window a few inches and insert 
under it a block of wood just fitting the aperture. In 
that way a space is left between the upptr and lower 
sashes by which the breeze is directed up towards the 
ceiling. Screens can be used, but they easily become 
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clogged with dust. To utilize the perflating force, mova- 
ble cowls are put on air-shaf ts, which communicate with 
the room. 
Methods for artificial ventilation are of two kinds, those 
acting by extraction and those by propulsion. The former is 
by all odds the most efficient, stable and economical. In it 
the extraction force of heat, either by fires or special fines, is 
used. Fans and screws have been used in this as well as in 
the propulsion system. They are not considered of much use. 
The sources of pollution of the atmosphere are numerous. 
The following are the more important : 

(1) — Factories, especially those for oil, fertilizers, glue and gas. 
(2) — ^Putrefaction and decomposition of animal and vegetable 

matter. 
(8) — Ground-air. 
(4) — Respiration of animals. 

(5) — Combustion in lamps, stoves and of gas. In addition to 
water and carbon dioxide, this gives rise to some sul- 
phur compounds. In the case of stoves, if the damper 
is turned so as to stop the draught while the combustion 
is siill going on, the products of combustion must escape 
into the room. Unless there is sufficient ventilation 
they may cause considerable harm. 
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CHAPTER VI. 
CHESnCAL NOMENCLATURE. 

It has been thought advisable to give the Bubetance of the 
preceding chapters before discussing the definitions and tei'- 
minology used. It is better, for concise defiuitionH in Chem- 
istry are difficult or impossible. In this way the student is 
enabled to appreciate the ezceptions which naturally arise. 

Base. — The term properly applied to the combination of a 
basic oiide with water ; thus KaO+HiO=2KOH, called potas- 
Biumhydroiide or hydrate, or potassa; or CaO-f H,0=Ca(OH)„ 
called calcium hydroxide or hydrate, or lime. Ths term is 
1 to mean simply the basic oxide, but this ii4 not 



Anhydride. — This is simply another name for an acid oxide ; 
thus PjOi, phosphoric oxide or anhydride. 

Acid, — Hard to define concisely. It is a salt of E. It can 
be produced by combining water v ith an anhydride ; thus 
HiO+NaOt=3HNOi, nitric acid. In the case of S, Se, Te, CI, 
Br, I and F, the direct combination of the element with H 
forms an acid , thus HjS, hydrosulpburic acid, ECl, hydro- 
chloric acid. 

Suit. — Also hard to de&ne. It is the term applied to a com- 
bination of an anhydride with a basic oxide ; thus CaO-l-COs= 
CaCOf , calcium carbonate. Also applied to au acid in which 
the H has been replaced wholly or in part by a metal or by a 
compoimd radical having the characters of a metal ; thus 
NH.Cl, ammonium chloride. If the H Ims been wholly re- 
placed, it is called a normal salt ; if partly, i 
thus KgSOt, normal potassium sulphate or 
sulphate, KHHO,, acid potassium sulphate oi 

When two oxygen-acids are formed by tlie same element. 



1 acid or bi-aait ; 

[uply potassium 

<r potassium hisul- 
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the one containing the less proportionate amount of O termin- 
ates in ouSf the other in ic; thus HCIO9, chlorous acid, and 
HClOs chloric acid. The same rule applies to oxides and 
hydrates if more than one is formed. If there is another oxy- 
gen acid of the same element which has less O proportionately 
than the ous acid, hypo is prefixed ; thus HCIO, hypochlorous 
acid. If another is present with more O proportionately than 
the ic acid, hyper or per is prefixed; thus HCIO4, hyperchloric 
or perchloric acid. Acids not containing O have the prefix 
hydro and terminate in ic ; thus HBr, hydrobromic acid. 

Oxygen-salts, if derived from acids terminating in ous, ter- 
minate in ite; thus KaSOs, potassium sulphite, NaClO, sodi- 
um hyx)Ochlorite. If they are derived from acids terminating 
in ic, they terminate in ate; thus NaaCO*, sodium carbonate, 
NaHCOs, sodium bicarbonate. Salts derived from acids not 
containing O drop the hydro and terminate in ide ; thus AgaS 
argentic or silver sulphide, MgCU, magnesium chloride. If 
two salts are formed by the same two radicals, the one con- 
taining the less proportionate amount of the non-metallic ele- 
ment is designated by ous, the other by ic ; thus Hgals, mer- 
curous iodide, HgIa, mercuric iodide ; Fe(N08)9, ferrous nitrate, 
Fe9(N0»)e, ferric nitrate. 

It will be good practice for the student to run over the fol- 
lowing lists and name the compounds or give the formulae, as 
the case may be : 



HaSOa 


KQO, 


NaaS04 


NaOH 


HaSOs 


AgNO, 


Na,H804 


CaSO, 


HaS04 


HsPOa 


NasPO* 


HgaCla 


HNOa 


H,P04 


NaaHPO* 


HgOla 


HNO, 


FeSO* 


KaCOs 


BiCl, 


KCl 


Fea(S04), 


KHCO, 


SOa 


Xiao 


Fe(OH)a 


Ca8(P04)a 


SO, 


NaClOa 


Fea(OH). 


CaH4(P04)a 


NH4NO, 


ASaO, 


MgSOt 


NH.HCO, 


SiO, 


ASaOft 


CUSO4 


(]SH4)aC0a 





DRFINITIONS. 



Biemuth Nitrate 
Calcic bromide 
Sodic Phoaphato 

" bi phosphate 
Cupric nitrate 
Ferrous chloride 

Hydriodic acid 
Calcic aulphat« 



Hydroohlorio acid 

HypochlorouB " 
Perchloric " 

PotasaiiUD hydrate 
Ferrous " 

Ferric " 

Sodic carbonate 
" bicar Innate 
" sulphare 
'' btsulphate 

Simple S»dica!.—A. teriu sometimes applied to a 
Oompound Sadical. — A compound in which one or more 
combining bonds are free. These are of more consequence in 
Organic than Inorganic Cliemistry. They are usually desig- 
nated by the ending yl and may be monad, dyad, triad, etc. 
They behave like elements as regards their chemical properties. 
Examples are (CH,)', methyl; (NH.)', ammonium; (SbO)', 
Stibyl ; {BiO)i, bismuthyl. 

ProJn-mate Analysis, — Applied to the analysis of a mixture 
of several molecules when only the nature of each of the seve- 
ral molecules is determined. The proximate analysis of milk 
shows it to contain casein, lactose, fats, serum-albumin, etc. 
Those bodies, the nature of which is determined by proximate 
analysis, are called proximate principles. 

EHementary or Ultimate Analysia.—XSstA when the number 
and kinds of atoms which compose one of the proximate prin- 
ciples, are determined. The elementary analysis of sugar 
shows it to be Ci,H„0,i. 

Empincal Formula. — Tlie expression of the simplest possible 
ratio of the elements which make up a compound. Thus 

CH is the empirical formula for benzol. 
Fe(OH), " " ferric hydrate. 
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Molecular Formtda,— The expression of the actual number of 
atoms of each element in a molecule. It may be identical with 
the empirical formula or a multiple of it. Thus 

CaHe is the molecular formula for benzol. 
Fe,(OH)« " " " ferric hydrate. 

OisHaaOii represents both formulae for sugar. 

Type Formula, — ^Is a molecular formula arranged after a cer- 
tain type. The most common types are water, HOH, and hy- 
drochloric acid, HCl. Thus 

HO (CaHaO), is acetic acid arranged on the water-type, 
H(CsHaOs) the same on the hydrochloric acid type. 

Isomerism, — ^The term used when two or more bodies have 
the same empirical formula but differ in their properties. It is 
of two varieties. 

A—When the bodies have the same number of atoms. This 
may also be of two varities. 

(1) — ^Isomerism proper. In this the compoimds differ only in 
their physical properties. Thus the volatile oils of lemon, 
turpentine, juniper, etc., have all the formida, Cio Hie 
and differ only in their odors and some other physical 
properties. 

(2) — ^Metamerism. In this the compounds have the same em- 
pirical and molecular formulae but the atoms composing 
them are arranged in different ways ; thus 

(NHOs GO is urea. 

NH4 CNO is ammonium cyanate. 

B — ^Polymerism. In this the compoimds have the same em- 
pirical but different molecular formulae ; thus the various 
olefines, CHa, CaH4, CsHe, etc. 

Homologous Series, — ^A group of substances, having similar 
proi)erties, whose molecular weights have a common differ- 
ence. In Inorganic Chemistry the most marked series of this 
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kind is the alkaline metals. These all liave a common, difference 
of 16 or of some multiple of 16, and this fact alone nouid tend 
to show tliey were simply compounda. In Organic ChemiBtry 
the term is only applied to a series having a common difference 
of 14, due to CH, ; thus CH„ CiH,,C,H„ etc. 

IsoIogoTiB Series, — Only used in Organic ChemiBtry tomeaji a, 
series whose molecular weighta have a common difference of 2, 
due to H, ; thuH C.E,, C.H„, C.H,o, etc. 

AUotropic, — A term applied to those modiBcationa of the 
same suhstance which present different physical properties. 
Thus C exists in three allotropic forma, diamond, graphite and 
charcoal ; O in two, common osygen and ozone. 

Amorphous. — Applied to a sohd which is not crystalline. 

Dimorphous. — Applied to a solid which crystallizes in two 
irreconcilable forma ; as C in the diamond and graphite. 

Isonwrphous. — Applied to substances of different chemical 
composition, which crystallize in the same form. In Inorganic 
Chemistry the different alums form a striking group of thia 
kind. 

Efflorescent substances are those which at the ordinary tem- 
perature lose their water of crystallization and fall to powder ; 
as sodium carbonate. 

Deliquescent substances are those freely soluble substances 
which at ordinary temperatures take up sufficient water 
from the air to form a solution. Potassium hydrate and 
phosphoric anhydride are examples. 

An aUoji is a compound or mixture of two or more metala. 
If ona of tiiem is jnercury, it is called an amalgam. 

Atomicity or Valence. — The term apphed to the combining 
or saturating power of an element or the number of bonds it 
possesses. It may be : 



Univalent c 


r Monad 


Bivalent 


Dyad 


Trivalent 


Triad 


{juadriviilent 


Tetra.1 
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Quintivalent or Pentad 
Sexvalent ** Hexad 

Septivalent ** Heptad 

And even higher atomicities exist. Artiads are those of 
even atomicity, perissads of uneven. 

Double decomposition is the mutual interchange of compon- 
ents when two substances are brought together. It is most 
apt to occur when a more volatile or a less soluble substance 
can be formed by it. Thus 



2SbCl,+3H,S==6HCl +SbaS, 
Ba(NO,)a+HaS04=BaS04+2HNO, 
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CHAPTER VII. 

GRAPHIC FORMULA. 

(Graphic f onniilsa are those f ormnlsB which are snpposed to repre- 
sent the internal stmctore of a molecule. They are intended to 
show the way in which the atoms of molecules are held together 
by connecting bonds. In constmcting them compound radicals 
must be yery carefolly considered. Another thing to be remembered 
is that an element may change its atomicity, for example, a triad 
to a pentad or a dyad to a tetrad, bnt they neyer change from artiad 
to perissad, or vice versa. They are sometimes made after yarious 
types. The most common and most important of these are : 

1. The water type, H— O— H 

2. The hydrochloric acid type, H — CI 

3. The ammonia type, N — H 

The fttomicity of the elements must be yery carefully learned. Tho 
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following is a list of the more important elements, with their sym« 
bols, arranged according to their atomicities : 



MONADS. 

H Hydrogen 

Ag Silver 

CI Chlorine 

Br Bromine 

Fl Fluorine 

I Iodine 

JA Lithium 

E Potassium 

Na Sodium 

Cs Caesium 

Bb Bubidium 



Halogens. 



Metals of 

the 
AlkaUes. 



DYADS. 



O 

S 

Se 

Te 

Ca 
Ba 

Sr 

Mg 
Zn 
Od 



Oxygen 
Sulphur 
Selenium 
Tellurium 

Calcium 
Barium 



Oxygen 
Group. 



I 



TBIADS. 

B Boron 

N Nitrogen 

P Phosphorus 

An Gold 

As Arsenic 

Bi Bismuth 

Sb Antimony 

TET&ADS. 

C Carbon 
Si Silicon 

Al AltiTni-ninTn 

Pt Platmum 
Ir Iridium 
Os Osmium 
Kh Bh odium 
Pd Palladium 
Bu Buthenium 



1 



Arsenic 
Group. 



Metals 

of the 

Strontium ) Alkaline earths. Ni Nickle 

Magnesium ) ,, • ^^ Cobalt 

^^ f Magnesium Mn Manganese 

Cadmium ) ^^^P 

Hg Mercury | Mercury 
Cu Copper [ Group. 

In the 



Fe Iron 



Cr Chromium 



Platinum 
Group. 



Iron Group, 
sometimes 
dyad, some- 
times tetrad. 



Sn 
Pb 



Tin 
Lead 



le ^phic formula of a saturated compound, the bonds must 
be so arranged as to satisfy the atomicity of each of the elements. 

OXIDES. 

Monads — ^E, EjO, E — O — E; may be considered water in which 
both atoms of hydrogen are replaced by potassium. 

Dyads.— Ca, CaO, Ca=0. 

As=0 
Triads.— As, As^Og, >0 

As=30 

Tetrads. -€, CO,, C^^ 



p>0 

Pentads. — P, PjO^, >0 

p .0 



In tiieee the monad radical, H— O, called b jdroijl, entere. Eenoa 
Ibey are called hjdroiidea. The j may alsi> ba considered as one or 
mure atoms of water in which one-half the immljer ot hydrogen- 
atoma are replaced bj the element oi baaio rsdicaL In tbia casetbey 
ate called hydiatea. 



DjBdB.-Mg, Mg (0H)„ %<5Zh 
IWadfl.— Bi, Bi (0H)„ I 



,0-H 

C-O—R 



None of any conseqnence are formed atkive triads. The term base 
ia also applied to the basio oxides. 



Those not contaimnp' ox^ea are formed by Ibe direct nuion of 
hydrogen and the element, as H CI, H— CI, H,S, g>S. The Litter 
can also be considered water in which the oiygen has been replaced 
by snlphni, and would then be written tiias, H — S — H. In the oxygen- 
acids or those containing oxygen, hydroiyl plays a very important 
part The basicity of an acid is the nnmber of bydrogen-atoma it 
contains, which axe replaceable by metala. In tbeinoiganic acidaall 
the hydrogen-atoms are replaceable wiOi the exception of hypoanl- 
phurooBacid, HjSOj,hypopho8phocou8acid,H,PO;, which are mon- 
obDaic, and phosphorous acid, H^POa, which ia bibasic. An oxy- 
gon-acid contains as many bydroxyl-grovipB as its basicity, and it Ifl 
the hjdrogen-atom in this group which cna be replaced by a metal 
to form a salt. A monobasic acid consists of hydroiyl nnited by th6 
free bond of the oxygen to a monad element or coropoimd radical 
which has an acid tendency. It may also be considered water in 
which one hydrogen-atom has been replaced by this element or com- 
ponnd radicaL Polybaaic adds are formed in a similar way. The 
following ia a Ust of the more important acida arranged accordii^ to 
badeity. The element or oompoond radical witJi which the hy- 
droiyl IH united la enclosed in biM^ta. 
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MONOBASIC. 

Nitrous, H— O— <N=0) Nitric, H-0— (N ^ q ] 



Hydrocyanic, H — (C^N) Hypophosphorous, H — O 



H 

I 



1 



Metaphosphorio, H— O— (P^ q ] Hydrochloric, H— CI 

Hypocblorous, H— O— (C51) Chlorous, H— O— (O— CI) 

Chloric, H— O— (O— O— CI) Perchloric, H— O— (O— O— O— CI) 

Bromine and iodine form acids similar to those of chlorine, but 
fluorine forms only H F, hydrofluoric add. 

BIBASIO. 

Sulphurous, ]^-^(S=0) Sulphuric, hZo> [ ® C O ] 

Thiosulphuric, h~S> [^ Cq] Hydrosulphuric, H— S— H 
Carbonic, hHq^ [^^^ ] Riosphorous, hZq^ f P^q] 



TRTBASIC. 
H— O. H— 



H— O. H— Ov 

Orthophosphoric, H— 0^(P=0) Arsenic, H—0-^(Ab=X>) 

H— 0/ H— O-^ 



H— 0. 
Arsenious, H — O— (As) 
H— 0/ 



TBTBABASIG. 
H— O. 



Pyrophosphoric, rr n I ^^ I 

hZo>'i'=o/ 



SALTS. 



The graphic f ormulsB for these are easily worked out if the 
atomicity of the element and the basicity of the acid are remembered^ 
for the element is simply substituted for the hydrogen of the add. 
In the case of the oxygen-acids, it is only the hydrogen of the 
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hydzoxyl group which can be replaced. It is a good plan to write 
oat first the gnqphic formtila of the add and then to snbstitate the 
metal in it^ replacing one hydrogen-atom by a monad, two by a 
dyad, and so on. 

8AI/rS OF MONABB. 

KH80„ |i:8>(B<g) K,SO„ |z8>(8c8) 

etc. 

BAUrS OT DXADB. 

With monobasic acids — 

Ba(N03),, Ba^ ^X 

Mth bibasio acids, two yazieties— 

Mg CO., Mg<gxC=0). Mg H, (00^,, ^<^ 

With tiibasic adds, 3 yarieties — 

S-S\^ ^. (2)Ca,H (POJ, 

a)CaH,(PO,)„ Ca<g^ ^'/^^^ 

H-0> (P=0) ^^<0 . 

H— 0/ H— 0-^(P=0) 

o °-^ 

^*<0^ (P=0) or 

(3) Ca, (PO J„ Ca<g "" Ca H (PO J 



Ca<g>(^=^) C^(P=0) 



H— O^ 



With tetrabasio acids — 



Ca,P,Oy, Ca<^yP=0 



Ca<q> 
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BAXiTS OF TBIAD6. 



With monobasio adds — 



Bi0l3,Bifci 



With bibasio adds — 



A1,(S0J„ 



A1^0>1o^0 

i>«c8 
<8 



^^ 



Sf 



With tribasio adds — 



AlPO 



4> 






Almnimtim is better regarded as a tetrad, as shown in the dia- 
grams; but it amotmts to a triad, as two of the bonds are lost in the 
double molecule, thus: 

Al= 



A: 



BAI/rS OF MEBOUBY AMD GOFFKB. 



These are always dyad; but in the ous-compounds they form 
double molecules, in which two of th ^ four bonds are lost^ thus * 



Mercuric chloride, 

Hg<4 

Mercurous chloride, 

HgjCl, 
Hg— C51 



Hg 



-a 



Mercuric sulphate, 
HgSO^ 

Hg<8>(sc8) 

Mercurous sulphate, 
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BAUra OF THB IBON GBOUP. 

In the ons-oomponnds these are dyad. In the ic-compounds 
they are tetrad, but two of the bonds are lost as in the aluminium 
group. 

For the ons-salts, see ** Salts of dyads." 

For the ioHsalts, 
With monobasic adds — 

Fe, I«, Fe^I 



yl 
Fe-I 

^I 

^th bibasic and tribasic acids — 

See salts of Aluminium under ** Salts of triads." 
Mth tetrabasic adds — 

Ferric pyrophosphate, Fe^ (PjOy),, 

I g>P=0 
Fe^O^p^O 

O >^ 
Fe 6>^=f> 

I g>P=0 

Fe^O^^ >0 
\0>P=0 

There still remain a few special salts such as bismuth sub- 
oarbonate and subnitrate, boiax, etc., which are considered in 
connection with the metals of which they are compounds. 
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CHAPTER VIII. 

THE METALS. 

m 

There are over fifty metals. The number varies from year 
to year, for new ones are being discovered and old ones 
are found out to be only compounds. Very recently it has 
been annoimced that nickel and cobalt are simply compounds 
of one substance just discovered. Only twenty-five are of 
sufficient importance to be discussed here. 

The properties of the metals in general are as follows : 

(1) — Metallic lustre. Very characteristic but not absolute, for 
C and I posses s it. 

(2) — Good conductors of heat and electricity. 

(3) — ^All solid at ordinary temperatures but Hg. 

(4) — All are electropositive, Cs being most marked. 

(5) — CJolor. Except Cu and Au, most of them range from yel- 
lowish-white to bluish-white. 

(6) — ^With three exceptions all are heavier than water. The 
exceptions are, in the order of their lightness, Li, K, Na. 

(7) — Nearly all are malleable, Au being the most marked. 

(8) — Most of them are ductile. 

(9) — ^Tenacity is fair in most but very slight in some, as Pb, 

(10) — Fusibility varies greatly, but all can be melted. 

(11) — ^VolatQity is present only in a few, but probably exists in 
all if we could get sufficient heat. 

(12) — ^All are markedly Insoluble in water. 
The classification of the more important metals has been 

given in the preceding chapter. The first six metals in the 

ord^ of their frequency are Al, Ca, Mg, Fe, Na, K. 

THE ALKALINE METALS. 

These are Li, Na, K, Rb and Cs, and ammonium is usually 
discussed with them. They have the following characteristics : 
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re numadB, of low specific gravity, soft and easily fusi- 
blo ; in contact with water, they decompose it and form 
hydroxides, which are called alkaliea, and from these tlie water 
can not be driven off by beat ; each forma but one chloride ; 
their carbonates are soluble in water and are alkaline. The 
propertieB of an allcaH consist in turning red litmus blue and 
yellow turmerio brown, saponifying fats and neutralising acids ; 
if at all concentrated it ia a local irritant or even caustic. li, 
K, Na were discovered by Sir Humphrey Davy in 1807-8, Cs 
and Rb in 1860-1 by KirchoS and Bunsen. 

The relation of tlie atomic weights ia striking. Tliere ia 16 
between Li and Na, and between Na and K. Tliere is approii- 
mately 3 times 16 between K and Eb and between Eb and Cs. 
They form an homologous aeries and are evidently compounds, 
2 of the series lietweeu K and Eb and 9 between Rb and Ca not 
having been diacovered. i 

POTASSrUM— K. 

iVopei'd'es. — ^ Bluish-white, Undergoes spontaneous combua- 
tion when dropped into water. BmTia with a purple flame. 
Its spectrum conaists of a bright line in the red and auotlier in 
the violet. 

OccuTTence. — Never native. Very eitensively distributed in 
many rocks, many mineral springs and deposits, in eea-water, 
in all plants and animals. Its princiiml sources are : 
(1) — Argol or impure cre-am of tartar, the coinmercial name 
for potasBium tartrate. Tliis ia obtained during the fer- 
mentation of grape- juice. 
(3) — The mother liquor left after oryataUizing out beet-sogar, 
(8) — Wool fat, which is composed chieflv of cholesterin, but 



{iy— Large niineral deposit at Bta£efurt, Germany. This is at 
preaent the chief source. The principal potassiiun com- 
pound found there is potassium chloride, KCL 
Prtparatioii.-^-By boating potassium carbonate with V and 
distilling, thua : 

KiCO,-|-20=3CO-|-K.. 
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CO escapes as a gas, K distills over and is collected under 
naphtha. It must be re-distUled since an explosive compound, 
KeCeOe (?)> IS formed at first to some extent. 

Compounds. 

KIj Potassium Iodide. — A white solid, fusible, very soluble 
in water, used extensively in medicine. Prepared by mixing I 
with a solution of potassa, thus 

6KOH+3Ia =5KI+KIOa+3HaO. 

In order to get rid of the iodate present the whole is evaporated 
to dryness, mixed with powdered charcoal and heated to red- 
ness, thus 

KIOa+3C=3CO+KI. 

It lA then filtered and crystallized. 

,KCl, Potassium Chloride, — ^Very frequently found in nature. 
Otherwise not of much importance. 

KBr, Potassium Bromide, — Prepared similarly to potassium 
iodide. Ebctensively used in medicine. 

KaO, KaOi, Ki04t KfiOt, KtOi, K^Ot, — Simply chemical curi- 
osities. 

KOHf Potassium Hydrate or Potassa. — Also called caustic 
potash. It is the strongest alkaline substance known. A power- 
ful escharotic. In water forms a lye, and with fats forms 
soft soaps. Very deliquescent and easily fusible. May be 
prepared 

(1) — By adding K to water, thus 

Ka+2HaO =2KOH+H,. 
The H takes fire spontaneously. 
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(2) — By adding calcium hydrate to iiotassium carbonate, tlius 

Ca<OH),+K,CO, =CaC0,+2K0H. 

K.CO,, Normal PotaaHum Carbonate.— Cailei commercially 
pearl-aah, being obtained chiefly from wood-ashes. Whit«, 
deliquescent, fusible, alkaline. 

KBCOi, Acid Fola^vm Qirbanate or Bicarbonate. — Aluo 
called aaleratua. Not so soluble aa the normal aalt, uearly 
neutral in ri?utticn. Used as an antacid internally ar.d in 
cooking. 

KNOt, FotoHsium Ifiti-ate. — ilao called nitre and saltpetre. 
This occurs in large natural depoaita, formed by the decomix>- 
sition of animal matter m the soil. Tills gives rise to nitric 
acid, which unites with tJie potassium already existing in. the 
Buil. This process is initiated and aided by man at present. A 
white permanent salt, neutral, quite soluble in water. Used to 
■ome extent in medicine and aa an antiseptic, but chiefly in 
the manufacture of gun-powder. In tJie ordinary kind the 
reactions are thus : 

3C+2KNO,+S=3CO,+K,S+N,. 

In blasting-potcder there is more C and CO is formed instead 
of CO], Late researches have shown that it is not near as 
simple as sliown in the above e<iuation. Many complex bodies 
are formed. One cuWc mch of gun-powder makes about 280 
cubic incbes of gas, which is under a pressure of about 10,000 
Ihs. to the square inch, owing to the temperature. 

KClOs, Potassium ClUorate. — Easily parts with its O and is 
used in the manufacture of it. Not combustible in itself, but 
when mixed witli any combustible substance ia eicploaive. Used 
in medicine to some extent, and largely on the tips of parlor 
matohes to fiimisli the O necessary for combustion. 

Baking-powders. — Used instead of yeast in the making of 
breiul. Many are cum]KiHei) iif Hinliuiu bicarUiiuite and KHC, 
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H4O6, potassium bitartrate or cream of tartar. This mixture 
when heated becomes changed into HaO+COa+KNaC4H40« 
potassium sodium tartrate or Rochelle salt. The carbon dioxide 
inflates the bread. Alum is also used in baking-powders, but 
is considered by many to be injurious to health. 

SODIUM— Na. 

Properties, — Resemble those of K. Does not undergo spon- 
taneous combustion unless the water is heated or the metal is 
prevented from moving. Bums with a yellow flame. Its spec- 
trum consists of several bright lines in the yellow. 

Occurrence. — Never native, but in its compoimds universally 
distributed. Occurs in all rocks, waters, air, plants and ani- 
mals. It is the most abundant metal known which forms so 
many soluble compoimds. Sea-weeds prefer it to K, but the 
reverse is the case with land-plants. Its chief source is the 
sodium chloride foimd in sea-water and in brines. 

Preparation, — Made in the same way as K, but no explo- 
sive compound is formed. 

Uses, — The metal itself is chiefly used to make Al and it is 
the most expensive ingredient in the process. Its compounds 
have many uses. 

Compounds. 

Na CI, Sodium Chloride. — Common salt. Sometimes occurs 
solid as TOck-«alt. Found in large quantities in the sea-water 
and in brines from which it is extracted by evaporation and 
crystallization. Quite soluble in water and about as soluble in 
cold as in hot water. Not deliquescent ordinarily but it is often 
contaminated with magnesium and calcium chlorides which 
are deliquescent. Is an antiseptic and on account of this used 
in preserving food, especially meat. Used in the manufacture 
of hard soax)s, 

Na Br and Na J— Resemble in their properties, preparation 



and uses tbe correspouding potassium compouuda. Sodium 
iodide ia deliquescent. 

Na,0 and lia,0,. - Of no ]H:actical importance. 

Na OH, Sodium Hydrtxcide or Soda, — Very mmilar in its 
properties and preparation to potaasa but is lesa powerfuL 
With fats it forms hard soaps. 

Na NOs, Soditim Nitrate. — Commonly called Chili saltpetre, 
because it occurs in large beds in Cliili and Peru ; due poseibiT' 
to the dwxiroposition of the excreta of birds. Deliquescent and 
hence cannut be used in gun-powder. Used very largely 
as a manure and in the manufacture of nitric and sulphuric 

Nai COi, Normal Sodium Carbonate. — Also called sal-Boda 
or washing eoda. Resemblea in its properties potassium carbon- 
ate, but is efflorescent. It is more extensively used, especially 
in the manufacture of soaps and of glass. The term, soda, ia 
often appUed io tliia or to the following salt : 

NoHCOa, Add Sodium Carbonate or Bi-carhonate, also 
called coohing-Boda. 

Na^SOi, Sodium Sulphate.— Found native in many mineral 
springs. When combined with 10 Aq., it is called Glauber's 
Bait. Is used in medicine as a purgative. 

WxaSaOi, Sodium Tkiosulphate. — Commonly called hyposul- 
phite of soda. This is largely used in photography. It dis- 
solves out the eilver salta which have not been acted upon 
by ihe developer. In that way it fixes the negative. 

NotBiOi, Sodium Biborate or Borax. — Tho proper name for 
this is disodic pentametat^traborate. EfBorescent and not 
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very soluble. Used in medicine and largely in blow-pipe ex- 
periments. Its grapic formula is 



B B B B 

cfVjVjV% 



o o 

I I 

Na Xa 



UTHIUM— LI. 

Properties, — ^Resemble those of Na and K, but are weaker. 
Its spectrum shows one bright line in the red and a x)aler line 
in the yellow. Is extensively distributed but always in very 
minute quantities. Never native. 

Compounds, — Of but little importance. They were formerly 
used internally for dissolving renal calculi. It was thought 
they would form the freely soluble lithium lurate with uric 
acid, but this does not occur. 

CJSSIUM— CS. 

AND 

RUBIDIUM— RB. 

These are two rare metals, belonging to this group. They 
occur only in traces and were discovered by spectrum analysis. 
Of no importance. 

AMMONIUM. 

This is a monad compound radical, having the compo- 
sition (NH4)*. In all its chemical properties it resembles 
potassium very closely and for convenience is described 
with the alkaline metals. 

Prapertiea,— It has probably never been isolated. It has 
been supposed to form an amalgam with Hg but this is 
very doubtful. 
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COHFODHDS. 

NH,OH, Ammoniutii Hydrate.— Ttd& is probably formed 
vbea aKunoiiia is diesolFed in water, which at ordinarj temper- 
aturea will take up about 700 times its volume of ammonia. 
The Bolution ia coUed officinally Aqua Ammoniae and commonly 
ammonia. It resembles in its properties potassa but will not 
Baponify fats. Is not as powerful a caustic. 

NStCl, Anttnonium Chloride. — Commonly called sal ammo- 
niac. Obtained from tbe ammoniacal liquor of the gas-worke 
by adding hydrochloric acid, crystallizing and purifying, Vol- 
atile ancl not decomposed hy sublimatioD, freely soluble. Used 
cousiderahly in medicine. 

{NHt)i COt, Aminonium CarboTiate. — A white unstable salt. " 
When exposed to the air gives off ammonia, NHi, and becomea 
changed into the bicarbonate. 

NH.HCOj, Amvwniwm Bi-carbonate.—A white, fairly stable 
salt, soluble. The ofSciiml Ammonii Carbonas is a mixture 
of the bi-carbonate and carbamate of ammonium and its chemi- 
cal formula ia NH,HCOs. NH,NH,CO,. The common name 
ia sal volatile. When dissolved in water the carbamate becomes 
changed into carbonate ; when exposed to the air it becomea 
bi-carbonate. 

NHtOHCO, Carbamio A«(J. — This is carbonic acid in which 
the monad radical, NHg, amidogen, has replaced one bjdroxyL 
Its graphic formula ia ^^ 

If another hydroxyl ia replaced by amidogen it forms 
(JVHj), CO, Carbamide or Urea, thus : „ 
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This is isomeric with Ammonium Cyanate which readily de- 
composes into urea. Its graphic formula is -a 



METALS OF THE ALKALINE EARTHS. 

These are Ba, Sr and Ca. They are all dyads, of a light yel- 
low color, a little heavier than water. They decompose water, 
forming strong basic oxides, caustic, which in combination 
with water form feebly soluble hydroxides. Their carbonates 
are almost insoluble in water and are not alkaline. Each 
forms but one chloride. 

BARIUM— BA. 

Occurrence, — Never native. Fairly abundant, occurring as 
the sulphate, heavy-spar, and the carbonate. 

Compounds. 

. BaOf Barium Monoxide or Baryta. — This when combined 
with water forms the hydrate, Ba(OH)a, which is sparingly 
soluble in water. Baryta-water is used considerably instead of 
iime-water as a test for carbon dioxide, with which it forms an 
insoluble barium carbonate, Ba COs. 

BaO^, Barium Dioxide, — ^This used considerably for prepar- 
ing hydrogen peroxide ; thus, 

BaOa+HaSO* =BaS04+H90a. 

Ba di, Barium Chloride, — ^A white, soluble salt, used con- 
siderably as a test for sulphuric acid and soluble sulphates, 
with which it forms the very insoluble barium sulphate. 

All soluble salts of Ba are poisonous. The chemical antidote 
is any soluble sulphate, such as Epsom salt, Glauber's salt, etc. 
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STRONTTUM— Sr. 

A r&ther rare metal, never native, occurring as the carbonate 
and sulphate. Not of much importance, the only practical use 
of its salts being in the formation of "Red Fire." 



CALCIUM— Ca. 

Oocurrenee. — The eeoond most abundant metal in nature. 
Never native. The most important forma in which it ia found 



(1) — Calcium silicate. 

(3) — Calcium carbonate. Iceland spar, lime-stone, chalk, coral, 
marble, etc All the carbonate is of animal origin, usu- 
ally due to the Ekeletons and sheila of minute animaJcnlea, 

(3) — Calcium sulphate + 3Aq. Gypaum, alabaster, aelenite. 

(4) — Calcium chloride. Found in many mineral waters. 

(5) — Calcium fluoride. Fluorspar. 

(B) — Calcium phosphate with the chloride and fluoride. Apatite, 

(T) — In animals and plants es the phosphate and carbonate in 
combination with organic matter. 
The metal itself is of little use. 

COMPOONDS. 

CaO, Caleivm Oxide or Lijite. — White, infusible, escharotic. 
Prepared by heating calcium carbonate, thus 

CaCOi+heat^CaO+COi. 

When mixed with water it takes up one molecule with the 
development of considerable heat. This forms calcium hydrate, 
Ca(OH)j, or slaked lime. Slaked lime is alkaline, slightly solu- 
ble in water, more so in cold than hot. One pint of water at 
Hie ordinary temperature dissolves about 11 grains. Lime- 
water ia used considerably in medicine imd aa a teat for carbon 
dioxide. 
Mortar is a mixture of slaked lime with water and coarse. 



68 CALCIUM. 

clean, snarp sand. It hardens, owing to the absorption of car- 
bon diojude from the atmosphere, thus 

Ca(OH),+CO,=CaCO.+H,0. 

The sand also gradually combines with the slaked lime to form 
a siHcate. 

Hydraulic cements consist usually of clay, quick-lime and 
iron oxides, very carefully burnt. When this mixture is wet 
with water, a crystalline hydrated silicate of Al, Fe and Ca is 
formed. This is insoluble in water and sets under it. 

CaSOu CcUcium Sulphate. — ^This occurs native, combined 
with 2Aq, and then is called gypsum. When heated this gives 
off the 2Aq and can be powdered, forming plaster of Paris. 
When mixed with water, this again becomes crystalline from 
taking up water and sets. It is slightly soluble in water. 

CaCOt, Calcium Carbonate, — ^Very extensively distributed 
in nature. Almost insoluble in water, but with carbon dioxide 
forms a bicarbonate, CaHaCCOs)^) which is quite soluble. The 
solution is neutral and can be decomposed simply by boiling. 

Calcium Phosphates, — ^Very important. Three in number : 

(1) — Cai(P04)%f tricalcic orthophosphate, also called bone phos- 
phate. This is the chief inorganic constituent of bone. 
Insoluble in water and hence worthless for manure. 

(2)— CaaH9(P04)« or CaHPO^y dicalde orthophosphate, also 
called reverted phosphate, insoluble in pure water. 

(8)— Cafl4(P04)a, monocaJcic orthophosphate, also called soluble 
phosphate, superphosphate and acid phosphate. This is 
soluble in water and is used very extensively as a manure. 
Tt is prepared from (1) by means of sulphuric acid. 

Chloride of lAmc—See page 15. 
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MAGNESIUM—Mg. 



Occurrence. — Never native but very abundant. Usually a£ 
dated with. Ca. Occurs in the following forms : 
[1] — Magnesium carbonate. Magnesit«. 
(S) — " and calcium carbonates. Dolomite. 

(3) — " Hilicat*!. Talc, steatite, moerscham. 

[1) — ' ■ and calcium sOicatea. AeljestOH. 

(5) — " sulphate. Epsom salt. 

[6) — " cliloiide. — In sea-water and many mineral 

springs. 
(7(— Ammonio — magneeian plicspliate. In guano and deoom- 



{Sj — In all plants and aniioala in association with Ca and simi' 
larly combined. 
Preparation. — By heating the clUoride with metallic Na j 

Mg aH-3Na=2Naa+Mg, 

or by decomposing the fused chloride by electricity. 

Properties. — A brilhant white metal, a little heavier than 
water, fusible and volatile at a bright red-heat. Permanent in 
dry air but oxidized in moist air. Bums with a brilhant light, 
BO rich in actinic rays that it is used for photographing. It pro- 
duces much smoke. 



MgCl,, Magn^um Chloride. — A white, very deliquescent 
ealt, found in sea- water and many mineral springs. Forms with 
I oxychloride MgjOCl), the graphic formula of 



r This is very hard and is used for making statues and artificial 
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MgO, Magnesium Oxide or Magnesia. — ^A white, almost in- 
fusible powder. When moistened with water it shows an alka- 
line reaction and combines with it very slightly to form a 
hydrate, Mg (OH)a. This is almost insoluble in water and the 
solution is not alkaline. When kept in suspension in water, it 
constitutes *' milk of magnesia." Although very faintly alka- 
line, it will neutralize acids well and is used for that purpose. 

MgSO^y Magnesium Sulphate, — A white, soluble salt, found 
in many waters combined with 7 Aq. Commonly called Epsom 
salt Used as a purgative. 

MgCOs, Magnesium Carbonate. — Insoluble in pure water 
but soluble in water containing carbon dioxide, with which it 
forms a bi-carbonate, MgHa(COs)s. The officinal Ma{fnesii Car- 
honas, formerly called magnesia alba, is a mixture of magne- 
sium carbonate and hydrate in varying proportions. It is 
prepared by mixing hot solutions of magnesium sulphate and 
potassum carbonate and Dolling : thus, 

2KaC08+2MgS04+HaO=3KaS04+MgCO,+Mg(OH),+CO,. 

If the solutions are concentrated, the precipitate is dense ; if 
dilute, it is light and bulky. 

ZINC— Zn. 

Ocourrence. — ^Never native. Fairly abundant, occurring 
chie^y as 

(1) — ^Zinc sulphide. Zinc-blende. 
(2) — Zinc carbonate. Calamine. 

These ores are usually associated with Pb. 

Preparation. — ^The ores are roasted, then mixed with pow- 
dered coal and heated. At a red-heat, the Zn distils over and 
is collected, carbon monoxide being separated. 

Properties. — Bluish-white, more volatile than most metals, 
brittle at ordinary temperatures. If heated to 120^ C, it be- 
comes malleable ; if it is rolled or hammered while at that tem- 
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retains its malleability' on cooling. It torui&hes a 
Gttle in air, forming tba oxide. Next to Fe, it is one of the 
cheapest metals. Of high electropoaittve value. 

Uses, — Rolled out in sheets, it is used Tery largely as a pro- 
tective. Also Tieed considerably ea the poBitive element in gal- 
vanic batteriea. Oalvanizetl iron consists of sheet-iron covered 
with Zn. Zn enters into many tUloys, forming witli Cu, brass 
and with Ni and Cu, German sDver, 

COMPOTJNDH. 

ZnCl,, Zmc ClUoride. — Yery deliquescent, fusible and ca 
tic. Yery poisonous. The antidotes are the alkalies or their 
carbonates. Used in soldering copper aiirfiices, in preserving 
timber, in embalming bodies and as an escharotic. It forms an 
oxychloride pimilftr to that of Mg and used for making artifi- 
cial teeth. 

ZnO, Zinc OoHde, also called zincite or zinc-white. A white, 
insoluble powder ; prepared by heating the carbonate : thus. 



ZnCO.-|- heat=ZnCH-CO,. 



Used in medic 



sulphur-fumes, because it forms a white sulphide, and it is not 
poisonous. 

ZnSOi,Zinc Sulphate. — With 7 Aq, this forms white vitriol, 
A white, permanent salt, a good antiseptic and disinfectant. 
Used in medicine as an emetic, as a coimter-irritant and 
caustic. 

CADMIUM— Cd. 



. — Most einc-oreB. especially the blende. It is 
more volatile than Zn and is carried over in the first part of 
the distillate, from which it is afterwards purified. The only 
Use of the metal Sh to form part of alloys and in that way lower 
their melting-point. 
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Compounds. 

CdSy Cadmium Sulphide. — A yellow salt, used as a pigment. 
Better than chrome yellow, (lead chromate), for it does not 
blacken on exposure to sulphur-fumes, being already saturated 
withS. 

Cdlij Cadmium Iodide ) -ur^^^u „o.^ ,•« ^v,^+^*»-««v,^ 
CdBru Cadmium Bromide] Much used m photography. 

LEAD— Pb. 

Sources, — ^Never native. Occurs chiefly in the form of 
(1) — Lead sulphide. Galena. 
(2) — Lead carbonate. Cerusite. 

Nearly all lead ores contain a certain proportion of Ag. 

Preparation, — By continued roasting, the S or the 00$ is 
completely driven off. 

Properties. — ^A soft, bluish- white metal, with very little 
tenacity. Melts at 315° C. Li moist air slowly tarnishes with 
the formation of a suboxide. For the action of water on Pb, 
see page 83. 

Uses, — ^Very extensively in the form of water-pipes, roofing, 
tanks, etc. 

Compounds. 

PbO, Plumbic Monoxide, Lithar^. ") Not of 

PhOi, Plumbic Dioxide, Foimd in storage batteries. I much 
PhiO^y Triplumbic Tetroxide, Red lead. | impor- 

Ph%0, Plumbic Suboxide, J tance. 

PhCrOit Lead Chromate, — Chrome yellow. Used consider- 
ably as a pigment. 

P&(CaHsOa)a, Lead Acetate, also called sugar of lead. A white, 
soluble, efflorescent salt; has a faint odor of vinegar and a 
sweetish taste, becoming astringent. Used with alum in dye- 
printing to act as a mordant. Used considerably in medicine. 
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PbS, Lead Sulphide. — A black, crfstalline, inBOluble saU, 
occurring native. Formed wheaever sulphuretted hydrogen 
comea in contact with a lead-salt. It is this which make^ the 
lead pigments so objectionable in places where there is liable 
to be decomposing animal matter. The only advantage is that 
)t maj show that the air is contaminated with decomposing 
organic matter in places where that ought not to obtain access. 

White Lead.— Tina is the common name for the officinal 
Humbi Carbonas. It ie really a miiture of lead carbonate, 
PbCO,, and lead hydrate, Pb(OH)i. It is used very extensively 
as a pigment, In medicine, used to some extent externally. 

Lead-plaster. This is really lead oleate. It ia formed by 
heating litharge and water with olive oil, which consists 
chiefly of olein, glycerine oleate ; thus, 

2C,H,(C, «H„O!,),+3PbO+3H,O=2C,H=(0H).+aPb(Ci aH3.0,)5. 

All Boluble salts of Fb are acute irritant poisons. ' The 
chemical antidote is any soluble sulphate, which forms an m- 
soluble lead sulphate. 

Chronic Ptumbigm. — The oources for the lead in this disease 
are almost innumerable ; lead-pii>e8, lead-tanks. face-waaheB, 
hair-dyes, paints, all manufactures connected with lend, and 
many alloys. 



COPPER— Cu. 

Sources, — (1) — Native, especially in the Michigan mines. 
(3>— Cupric sulphide. Copj)er glance. 
(3) — Copper and iron sulphide. Copper pyrites. 
(4)- -Cupric carbonate. Malachite. 
(5) — Cuprous oiide. Cuprits or Red oxide. 
It occurs in a few other conditiocB, hut these are the chief ones. 
Pnqterties. — A reddish metal, about nine times as heavy as 
Vater, very tenacious, ductile aJid malleiible. Fiwililo and 
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slightly volatile. Permanent in dry air, but in moist becomes 
covered with a green crust of the carbonate. 

Uses, — Chiefly in alloys, although to some extent pure. With 
Zn it forms brass and muntz-metal. With Snit forms bronze, 
gun-metal, speculiun-metal, etc. Many of these alloys contain 
small quantities of Pb. With P it forms phosphor-bronze and 
with Al, aluminium-bronze. It enters into the alloys of gold 
and silver coins. 



Compounds. 

Cu forms two sets of compounds, the cuprous and the cupric. 
The former are few and imimportant, excepting the oxide. 
For the construction of the two sets see under ''Qraphic 
Formulae," page 56. 

Ciu(CiH»Oi)j Cuprie Acetate. — ^This is a salt used in medi- 
cine, called officinally Cupri Acetas. Quite soluble. 

CuSOa, Cupric Sidphate, — ^When combined with 6Aq, called 
blue vitrioL Quite soluble. Used considerably in medicine as 
a mild escharotic and emetic. Is an essentkd ingredient of 
Darnell's galvanic battery. 

This forms with a solution of ammonia a double salt, Cupro- 
diammonium Sulphate, (NHs)s Cu SOi. It is used as a test for 
As. Its graphic formula is Hv 

All soluble copper salts are poisonous. The antidotes are 
potassium f errocyanide, the alkalies and their carbonates, and 
the albumens, such as milk, white of eggs, etc. 



MERCURY— Eg. 

Sources. — Almost entirely as mercuric sulphide, cinnabar, 
in which a little metallic Hg is found. 

Preparation. — By roasting the sulphide, the 8 is oxidized to 
SO] and escapes while the Hg distilla over. 

Prt^ierlies. — A silver-white, tustroua metal, liquid at ordinary 
temperatures, volatile at all temperatures above— 13° C. Solid 
at -38.8° C. and boils at 850° C. Ite epeciflc gravity is 13.59. 
Unaltered in the air at ordinary temperatures, but above 800° C. 
it forms mercuric oxide. Like Cd, its molecule in the state of 
vapor corwists of but one at«m. It is sometimes adulterated 
with Pb or Sn, and if so, drops of the metal when rolled become 
tailed instead of remaining sphericaL 

Uses. — To make amalgams ; in thermometers, barometers, 
etc. Its salts are much used in medicine. The fulminate ia 
used in [>ercussion-caps. 



COMPODNDS. 

Like Cu, it forma two sets of compounds, mercurous and 
mercuric, both very important. For their construction see 
" Graphic Formnlie," page 56, 

SgtCl,, Mereurout Chloride. — Commonly called calomel. 
The ofBcinal name is Hydrargyri Chloridum Mite. It is a 
heavy, white, insoluble powder, volatile. May be prepared in 
several different ways ; 



(1) — By heating Hg with mercuric chloride : 

Hg+Hga.=Hg,Cl.. 
(2)— By adding Hg and sodium chloride to n 






Hg4-3Na01+HgSO, =HB,Cl,-|-Na.SO.. 
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(d)—By mixing a solution of mercurons nitrate with one of 
sodium chloride : 

Hga(NO,)a+2Naa=2NaNO.+Hg,Cla. 

(4) — By mixing a solution of mercurous nitrate with one of 
mercuric chloride : 

Hga(N08)a+Hgaa=HgaCla+Hg(N0«)a. 

HgCli, Mercuric Chloride. — Also called corrosive sublimate 
and bichloride of mercury. The officinal name is Hydrargyri 
Chloridum Corrosivum, A white, volatile salt, soluble in 16 
parts of cold water and freely in alcohol and ether. Is strongly 
antiseptic. Very poisonous, the antidote being albumen. Is 
prepared by subliming mercuric sulphate with sodium chlo- 
ride : thus, 

HgS04+2Naa=NaaS04+HgCl,. 

May be made by heating Hg in CL 

JBgaia, Mercurous Iodide, — ^Also called protiodide. The offi- 
cinal name is Hydrargyri lodidum Viride, A yellowish-green, 
insoluble salt, prepared by mixing solutions of potassium 
iodide and mercurous nitrate : thus, 

Hga(NO,)a-f2KI=Hgj2+2KNO,. 

Hgli , Mercuric Iodide, — Also called biniodide. The officinal 
name is Hydrargyri lodidum Rubrum, A bright-red, taste- 
less, odorless powder, almost insoluble in water, sparingly sol- 
uble in alcohol, freely soluble in solution of potassium iodide 
or mercuric chloride. Prepared by mixing solutions of mer- 
curic chloride and potassium iodide together : thus, 

Hgaa+2KI=HgIa+2Ka. 

If the potassium iodide is in excess, it fozms with the mercuric 
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iodide a definite compound, Hglg. 2KI, which in a solution of 
potaasa constitutes tbe Nessler re-ogent. 

HgiO, Mei-eitroits Oxide. — An almost black, heavy, insoluble 
powder. It ia the essential ingredient of "black wash," which 
is made by mixing mercuroua chloride with lime-water : thus, 

Hg,Cla-]-Ca(OH),=Hg,0+CaCl,+H,0, 

two forma, Iwith 

(1) — A yellow, amorphous powder, called offlcinally Hydrar- 
ggri (Xddum Flavum; prepared by mixing a solution 
c chloride with liquor potaasiB : thus, 

HgCl,+2K0H=HgO+SKCl+H,0. 

(2) — A red, crystalline powder, called officinally Hydrargyri 
Oicidum Rubi-um. Prepared by heating mercuric ni- 
trate ; thus, 

Hg{NO,),-fheat=HeO+N,0., 

the nitrogen pentoxide going off as vapor. 

Sg,(NO,),, Mereiiroas Nitrate. — A white, soluble salt, pre- 
pared by acting with dilute nitric acid on llg : thus, 

6Hg-|~8HNO, =8Hg,(N0s)rf Ni0,-|-1H,0. 

Hg(NOt),, Mercuric Nitrate.^A white, deliquescent salt, 
prepared by acting with concentrated nitric acid on Hg ; thus, 

3Hg+8HNO,=3Hg(NO,)i-fN,0,-i-4H,0. 

-A. solution of this in dilute nitric acid constitutes tlie offlcinal 
JAguoT Hydrargyri Nitratis, 

HgSO,, Mercuric Sulphate.— A white crystalline salt, decom- 
posed by water with the formation of a basic salt, Hg SO,, 
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2HgO. This is the officinal Hydrargyri Subsulphas Ilavus, 
commonly called tnrpeth mineral. Its graphic formula may 
be expressed thus : -n^ q^ 

If the washing is long continued, all the sulphuric oxide will 
be washed away, leaving only the mercuric oxide. 

NBiHgCfl, MercuramTnonium Chloride, — A white, votatile 
precipitate, infusible because it volatilizes before melting, called 
officinally Hydrargyrum Ammoniatum. It is prepared by mix- 
ing a solution of mercuric chloride with aqua ammonise : thus, 

Hgaa+2NH40H=NH,Hga+NH4Cl+2H,0. 

{NH»)2HgCUjMercur(h-diamrnonium C/tZoricfe.— Fusible white 
precipitate. 

NHg^I, Dimercurammonium Iodide. — ^This is the salt formed 
by the Nessler re-agent with ammonia : thus, 

2(Hgl2. 2KIH-J^H8+3KOH=NHgJ+7KI+3H,0. 

It constitutes the most delicate reaction known for ammonia. 

SILVER— Ag. 

Sources, — Occurs native to some extent, but its principal 
ores are the sulphide, carbonate, bromide and chloride. It is 
always associated with other metals, especially Pb and Au. 

Preparation, — The ore is roasted with sodium chloride, 
which forms silver chloride. It is then agitated with iron 
scraps and the metal is precipitated : thus, 

6Aga+2Fe=FeaCU+6Ag. 

Hg is now added, forming an amalgam with Ag, which is 
separated by washing. The amalgam is then heated, Hg is 
distilled off and metallic Ag left behind. 



^fopertiea. — A white, lustrous metal, very malleable and 
ductile ; probably the beat conductor of beat and electricity 
known. Fusible but does not oxidize at any temperature and ia 
unaffected by water. It ia but feebly attacked by bydrocbloric 
acid, rather more by sulpburic, and ia easUy dissolved bj nitric 
acid, forming silver nitrate. 

Uses. — The pure metal is but little used, on account ot its 
BoftneBS, but alloyed with Cu, it is used very extensively for 
omamente, coina, etc. Tbe silver coins of the United Statea 
contain 90 per cent, of Ag and 10 per cent. Cu. Those of 
Oreat Britain contain 92.6 per cent, of Ag and 7.5 per cent, of 
Cu. It ia also added to Au to increase its hardnesa. 
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AgCl, Argentie Chloride. — A heavy white precipitate, inaolu- 
ble in water or nitric acid ; soluble in ammonia but reprecipi- 
tated from that on the addition of nitric acid. It blackens on 
exposure to light, even if pure but much more rapidly if or- 
ganic matter is present, forming' a subchloride, AgiClg, and 
Uberating CI. On this account it is much used in photography. 
It is easily dissolved by sodium thiosulplmte. 

AgSr, Argentic Bromide. — Eeaembles very closely tbe pre- 
ceding. Much used in photography, 

Agl, Argentic Iodide. — Resembles the chloride but is more 
stable ; does not blacken unless there ia acme substance present 
capable of taking up the liberated I. Is not soluble in am- 
monia. Uaed extensively in photography. 



AgNOi, Argentic Nitric. — A white, fusible, soluble aalt, pre- 
pared by acting on Ag with nitric acid. When melted and 
cast inte sticks it is called officinally Argenti Mlro^ Fusua, 
commonly lunar cauatic. It is a auperhcial caustic, forming 
an albiuninate of Ag which darkens on exposure to the light 
from its reduction to silver o;dde, AgiO, and metallic Ag, 
Beaidea itfl use in medicine, ailver nitrate enters into the com- 
position of indelible inks and is much uaed in photography. It 
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Is poisonous, the antidote being any soluble chloride, such as 
common salt, which forms the insoluble silver chloride. 

ALUMINIUM— AL 

Occurrence, — The most abundant metal known. Never 
native. Occurs as a silicate in felspar and clay, in corundum 
and its varieties, emery, ruby and sapphire, in the emerald. 

Properties, — A white metal, very tenacious, malleable and 
ductile. Very light, its specific gravity being only 2.6. It 
can be made very rigid. As a conductor of heat and elec- 
tricity, it is inferior only to Ag, if at all. It is not affected 
by the air or moisture or sulphuretted hydrotcen. It is not 
attacked by ordinary acids except hydrochloric but is readily 
dissolved by caustic potash and soda. 

'Preparation, — By heating the fused chloride with metallic 
Na; thus, Al,Cl.+6Na=6Naa+2Al. 

Uses. — It is not much used at present, owing to its high 
price. It has some uses in astronomical instruments and jew- 
elry. On account of its abundance and the important qualities 
it possesses, it will be extensively used as soon as a cheap way 
of preparing it can be found. As this age is known as the 
Iron Age and the preceding one the Bronze Age, so the suc- 
ceeding one will be called the Aluminium Age. 

Compounds. 

Al is a tetrad but it is always doubled in the molcule and 
thus two of the bonds are lost, making the double atom sex- 
valent. See under ** Graphic FormulsB," page 56. 

AUO», Aluminium Oxide or Alumina, — ^A heavy, white sub- 
stance, forming with water Al3(OH)6, aluminium hydrate. This 
latter is used in dyeing as a mordant, since it makes insoluble 
compounds called lakes, with the vegetable colors. 

AU{80^iy Aluminium Sulphate. — ^A white, crystalline pow- 
der, freely soluble. Used as a styptic and antiseptic. 
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AUKi(SOt), — Fotaeiio-Alttminium Sulphate or Alum.— A 
cotorlesa, crystAlliQe Bait, contaimng £4Aq., with a Hweetiah 
i, quite soluble. It iB used considerably in med- 
a baking-powders, in. dyeing, etc. Its graplda fonn- 

K— O'^^'^O 

The salt deiicTibed above ia the officinal Alutnai but there are 
maiij other alums, all isomorphous with potash-alum. TJius K 
in the above compound can be replaced by Na, Li, Ca, Kb, am- 
monium, Ag or Tl. The Al can be replaced by Fe, Cr. and 
Un, In the Litter case it seema hardly correct to call it an 
alum, hut the terms, chrome-alum, iron-alum, etc., are very 
commonly used. 

POBCXL&IK. — la compact and translucent. Made from tho fol- 
lo<nng materiale : 

(1) — Kaolin, a very pure clay (aluminium silicate). 
(2) — Pulverized quartz (silica), which preventa shrinking dur- 
ing baking. 
(3)~FelBpar (aluminium and potassium ailicat^), which acta as 
aflu):. 
The glazing is made from the same materiaL) but c 
more felspar. 

Stone- WiKE. — la compact but opaque. Made from clay con- 
taining ferric oxide and lime, on account of which it is partly 
fuaible. The glazing ia done by sodiuni chloride, which is de- 
composed and forms a sodium silicate. 

Ea-ETHENWabe. — Is porouB. Made from clay containinf; a 
little felspar and silica, which render it |iartly fusible. The 
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glazing consists largely of Pb and is dangerous from its liabil- 
ity to be attacked by acids. 

Glass. — Consists of the silicates of at least two bases with an 
excess of silica. There are several varieties, the more impor- 
tant being 

(1) — Crown-glass, containing Na, Ca and Si. 
(2) — ^Bohemian glass, containing K, Ca and SL 
(3) — Flint-glass, containing K, Pb and Si. 
Green glass usually contains some Fe. 



There is a group of five elements which have some proper- 
ties in conmion. Their atomic weights are all between 52 
and 59, many of their compounds are similiarly formed, they 
are often associated in ores. These metals are Mn, Cr, Co, Ni 
and Fe. Of these Mn, Cr and Fe form acids, Co, Ni andFe are 
magnetic. It has lately been stated that CO and Ni are simply 
compounds of one element, which it is claimed has been iso- 
lated. The group is usually called the Iron Group. 



mON— Fe. 

Properties, — ^A soft, white, lustrous metal, the most mag- 
netic and tenacious of all metals. Fuses with difficulty but 
can be welded. It is distinctly fibrous but becomes crystalline 
after being subjected to repeated jars and vibrations. This 
crystalline form, which is probably cubical, is much less tena- 
cious than the fibrous. It is only oxidized in dry air at a red- 
heat and not at all in pure water. If any O or carbon dioxide 
is present in the water, it speedily forms rust. Commercially 
it exists in three forms : 
(1)— Wrought-iron. This is nearly pure iron and has the 

characters of that. 
(2) — Cast-iron. This always contains 2-6 per cent, of C and 
some Si, usually a little P and occasionally Mn. It is 
readily fusible and easily cast but will not weld. It ex- 



-Steel. Contains .6—2. per cent, of C anii i 

Bteel, .6—2. per cent, of Mn. Less fueible than cast-iron 
but more than wrought-iron. Can be tempered and will 
bear a cutting edge. When of good quality, it is more 
tenacious and elastic than wrought-iron. 
Preparation. — Cast-iron is usually first made directly from 
the ores and then from it the wrought-iron and steel. In the 
manufacture of cast-iron, the ore, if not already an oxide, is 
raasted to convert it into ferric oxide. This is then put into a 
tdaBt-fumaGS with coal and lime-stone. The lime unites with 
the Si present in the ore and forms a fusible slag, which floats 
on top. The coal takes up the O, forming COi, and some of 
the coal unites with the iron, rendering that fusible. The slug 
is drawn off from the side and at intervals the bottom is tapped 
and the raw metal aUowed to run out into moulds. 

Wrought-iron is obtained by heating the cast-iron in a rever- 
beratoTj furnace. In this a certain amount of ferric oxide is 
farmed which oiddizes tlie C and Si present, forming carbonic 
dioxide and a fusible silicate of tbe oxide. As these changes 
iron becomes less fusible and is finally collected into 
large balls, which are put under heavy hammers. By these 
~ e silicate is squeezed out and the iron left comparatively 

Steel ia made in some cases directly from the ores or cast^ 
iron by processes t«) intricate to be described here. It can bo 
made from wrought-iron by placing bars of that in a crucible 
filled with C. Ttiis is then exposed for several hours to a red 

The iron takes up the C and becomes steel, 
• Sources. — A very little is found native, almost entirely in 

le form of meteorites. Its chief ores are : 
ll) — Iron bisulphide. Iron pyrites. 

"" —Ferroso-ferric oxide. Magnetic iron-oie or load-stone, 
—Ferric oxide. Red hcamatite. 

— FcrrouB carbonate. Clay iron-stone. 
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Compounds. 

There are two sets of compounds, the ous- and the ic-salts. 
In the former it is supposed to be bivalent. In the latter it is 
quadrivalent, but, like Al, it is arranged in a double mole- 
cule, which is but sexvalent. See "p&ge 57. 

FeCla, Ferrous Chloride, — This is prepared by acting on Fe 
with hydrochloric acid ; thus, 

2HCl+Fe=Feaa+H,. 

FeiCle, Ferric Chloride, — A crystalline, red, deliquescent 
salt, with a very strong astringent taste. Made by acting on 
the ferrous chloride with hydrochloric and nitric acids ; thus, 

6FeCla+2HNO,+6HCl=3FeaCl«+NaOa+4H«0. 

It is the officinal Ferri Chloridum, 

Feli, Ferrous Iodide, — A greenish, unstable, deliquescent 
salt. It is the officinal Ferri lodidum, 

FeO, Ferrous Oxide, — A dark-gray, insoluble powder, very 
unstable and rapidly oxidizing to ferric oxide. 

JPeaOa, Ferric Oxide, — A crystalline, red, insoluble powder, 
not acted on by the magnet. Ochre consists of clay colored 
w^ith this. 

Fe%OAi Ferroso-Ferric Oande, — ^This occurs native as the mag- 
netic iron-ore or load-stone. It does not form any salts. 

Fen{0H)9, Ferric Hydrate, — ^This in combination with a little 
ferric chloride constitutes Ferrum Dialysatum, It is made by 
mixing ammonia with a solution of ferric chloride ; thus, 

6NH40H+FeaCl« =Fea(OH)«+6NH4Cl. 

The latter is removed by dialysis, leaving the colloid hydrate 
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behind. The solution is of a reddiah-brown color, free from 
astringency. Its medicinal use ia of doubtful value. Ferric 
hydrate when freshly prepared is an antidote to As. (See 
Arsenic, page 94.) Rust usually consists of this hydrate more 
or lesa dehydrated, thua : Fe,0(OH), or FeOi(OH)j. 

FeSO,, Ferrous Sulphate. — When combined with 7Aq, it ia 
commonly called green vitriol or copperas. A green, efflor- 
escent salt, freely HOluble ■, found native in some mineral waters. 
It is the officinal Ferri Sulphas. It ia a mild astringent and 
disinfectant. It ia much used internally, especially in the form 
of Blaud's pills. These contain equal parte of the sulphate and 
potassium carbonate. As a result of the double decomposition, 
ferrous carbonate and potassium sulphate are formed. Ferrous 
sulphatt) ia largely used in dyeing and with tannic acid and 
o make inks. 



F^i(SOt)s, Ferric Sulphate. — A reddiah-brown, amorphous 
salt, soluble and when in solution astringent and somewhat 
irritating. It enters into the officinal lAquor Ferri Tersulphatis. 

FeCOa, JfeiTOUS Carbonate. — Found native in clay iron-stone 
and in some mineral springs. Is somewhat soluble in water, 
especially when it contains free carbon dioiide. It enters ■nto 
the officinal Ferri Carbonas Saadiaratiia. 



PAospfoifes.— The ous*phosphates are formed similarly to 
those of Ca, (page 68). Ferric plioephat« ia re,(PO.)j. Ferric 
pyrophosphate is Fe<(PiOi)j. All the phosphates are insoluble. 
The officinal J*Vrr( Pyraphosphas, which ia quita soluble, is 
really a sodio-ferric compound. 



COBALT— Co. 

Properties, etc — A white, brittle, very tenacious metal, 
almost infusible ; strongly magnetic. It ia usually found asso- 
ciated with Ni. 
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like Fe this forms two series of compounds, ous and ic. 
The latter are quite unstable. 

CoO, Cohdltous Oxide, — ^This is largely used for staining 
glass blue. 

CoCUi CobaltouB Chloride, — ^This in solution constitutes blue 
sympathetic ink. Characters written with it are invisible until 
heated, when it becomes anhydrous, blue and visible. On 
cooling it again absorbs water and becomes invisible. 

NICKEL— Ni. 

Properties, etc. — A white, malleable metal, almost infusible 
and* less oxidizable than Fe. Very magnetic. It is usually 
associated with Co, its chief ore being an arsenide, called kup- 
f emickel. It is used somewhat in alloys and largely to form a 
non-oxidizable covering to other metals. 



MANGANESE— Mn. 

PropertieSy etc, — A reddish, hard, brittle metal, decomposing 
water at all temperatures. It materially improves the quality 
of cast-iron and steel and is used considerably in their manu- 
facture. It occurs in the form of manganic oxide, numgano- 
manganic oxide and manganese dioxide. 

Compounds. 

This forms two not very definite series of ous and ic com- 
pounds and several that belong to neither group. 

JfnO, Manganoua Oxide \ These are both basic oxides. The 
Mn%Ozi Manganic Oxide ] latter occurs native as Braunite. 
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I These are both neutral. 
The latter occurs asPyro- 
luaite or black oxide of Mn, 
the former asHausmaunite. 

MnOit ManganMe IWoarfifc. — This is a. hypothetical acid 
oxide, 'which forms with tho alkahea, salts caUed manganatee. 
Potassium mauganate, KiMnd, is a greea crjstaUine salt, sol- 
uble in water and when in solution, known as Condy's Green 
Fluid. It is a disinfectant and deodorizer. 

JlffiiOi, Manganese B^toxide. — This is an acid ojdde, which 
forms with water permanganio acid, HgMniOe. Potassium 
permanganate, KiUqiOb, is a crystalline, purple salt, aoluhle 
in water. It is very easily reduced by organic matter and is 
used as a, test for it. It ia a disinfectant and deodorizer. In 
solution in water it constitutes Condy's Ked Flnid. 



CHROMinM— Or. 

Peoperties, etc. — A Tery hard, almost infusible metal, found 
in chrome iron-stone, which consists of a mixture of ferrous 
and chromic oxides. 



It also forms two series of compounds, ous and Jc, and sev- 
eral which belong to neither. 

CVO, CftromowOride) Both are basic. Owing to its 

Cr,6., Cfcromic ^d-fK'*** msolubihty, the latter .s used 
,u., v.. w. .«. i^^«« j f^^ prmtmg greenbacks. 

r Both neutral. 



CrO,, Chromium Trioxide. — A. lirilliant red compound, very 
deliqneecent and easily reduced by organic matter. It is anti- 
Beptic. It is used considerably in medicine as an escliaroUo 
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under the officinal name of Acidum Chrornicurn, With water 
it forms 

H^CvOa, Chromic Acid* — ^This forms a series of salts, the 
chromates, of which potassimn chromate, KaCr04, is the best 
known and most used. This acid forms another acid, which 
bears the same relation to it that pyrosulphuric acid bears to 
sulphuric. It can be formulated thus : 

2HaCr04— H,0=HaCra07. 

The natural name for this would be pyrochromic acid, but its 
salts are known as bichromates. The most important of these 
is potassium bichromate, KaCraOt, which is used very exten- 
sively in the arte. 

Many of the chromium compounds are used as pigments, 
owing to their brilliant colors. 



GOLD— Au. 

Propertie8, — ^A soft, yellow metal, more malleable than any 
other, fusible at a bright red heat. Not affected by air or 
water at any temperature, nor by ordinary acids. It is dis- 
solved by a mixture of nitric and hydrochloric acids with the 
formation of auric chloride, AuCls. This mixture, which is 
called nitrohydrochloric acid, or aqua regia, gives rise to nas- 
cent CI when freshly prepared ; thus, 

6HC1+2HNO, =4HaO+NaOa-f 6C1. 

Sources* — ^Very widely distributed, though rarely in paying 
quantities. Always native and nearly always associated with 
Ag and sometimes Pb. 

Uses, — It is too soft to be used pure. It is always alloyed 
with some Ag and often Cu. The gold coins of the U. S. con- 
sist of Au 90 per cent, and Ag and (JJu 10 per cent. ; of Great 
Britain, of eleven-twelfths of Au. 



It forma two acts of compounds, ous and ic. In tho former 
itismiivaleiit, ia tJie latter trivalent. The fonuer are quite 



AutOt, Atirla Oxide. — A brown, inaolulile powder, easily 
reduced by the light. It is an acid oxide and forms witli tlie 
alkalies, aolta called auraiea, thus : 

2K0H+Au,0. =aKAuO,+H,0. 



TIN— Sn. 

Properfiea. — A soft, whif*, inalleable metal, fusible. Is not 
acted upon liy air or water at ordinary temperatiiro. Heated a, 
little above its melting-point, it bums with the formation of 
stannic oxide. Block tin is pure tin in mass. 

Sources.— ^It occurs almost entirely aa stannic oxide, called 
tiii-stone or cassit«rit« ; rarely as the sulphide. 

Freparatum. —The ore is crushed and heated with coal. 
Carbon dioxide escapes and the metal ia run into lai^e blocks. 

0868. — Most tiu-ware consists of sheet-iron covered with a 
layer of Sn to protect it from the oxidizing effects of tlie air, 
Sn enters into many alloys, such as pewter, gim-metal, bronze, 
etc. Its salts are largely used in dyeing and in calico-printing. 

COMPOUNDB. 

It forms two sets of compounds, ous and ic. In the formei 
it is bivalent, in the latter tetravalent. 

StiO, Stannous Oxide. — A dense, block powder forming with 
water Btmmous hydrate, Sn(OU)t. This is a basic oxide and 
forma the stannoug Kilts with acids. 
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SnOi Stannic Oxide, — A heavy, white, powder, not attacked 
by any acid. This is both a basic and an acid oxide. It forms 
with acids the stannic salts, while with water it forms two 
acids, stannic acid, HaSnOs, and metastannic acid, HioSn* Oi*. 
The former is the more important. Of its salts sodimn stan- 
nate, Na^SnOs, is largely used in calico-printing as a mordant. 



BISMUTH— Bi. 

Properties, — A reddish-white, very brittle metal, fusible and 
volatile but little affected by the air. It is the most diamag- 
netic of all substances. 

Sources, — ^The most important ore is the native metal, asso- 
ciated with cobalt, nickel and tin ores. 

Uses, — ^The metal itself is but little used except in alloys, 
upon which it confers easy fusibility and the property of ex- 
panding on solidification. Its compounds are used consider- 
ably in medicine. 

CoMPox7in)s. 

Bi forms two sets of compounds, ous and ic ; in the former it 
is trivalent and in the latter quintivalent. The former are the 
more stable and the more numerous but they are readily de- 
composed by water with the formation of basic salts which are 
insoluble. 

BiCltf Bismuth Trichloride or Bismuthous Chloride, — ^A 
white, fusible salt which when placed in water forms an insol- 
uble oxychloride, Bi OCl. Its graphic formula is ^ 

Bi(NO»)», Bismuthous Nitrate. — ^When this is put into a large 
amount of water, it forms a basic nitrate, BiNOs(OH)a ; thus, 

Bi(NO,),+2HaO=BiNO,(OH).+2HNO.,. 



isisthe officinal JKHKafJUSii*M»««. Hrpipliir &»— ^mk J 



E<S 



fii,OCO.(OH>— This b the o 
Ite graphic f (Hmula is x) — S 



3i^o/ 



BiCtHiO,, Bigmuth Cilrate, — Hits is a salt, solublo in 
aqua ammoniae. With this it fonns a permanent adaUe com- 
pound called offlctnall}' Bigmnlhiet Atantonii Citraa, Ab it is 
soluble, it is tacMng in the Tirtues of the subnitrate and sub- 

carbonatc. 

AXTI1I0SA-— Sb. 

Properties, — A blui^-white, rery brittle metal, fusible and 
Tolatile. Not acted on by the air at ordinary lemperatures. 

Source*. — Almost entirely from the native antimonioua sul- 
phide, caUed stibnite. 

Uses. — It enters into many alloys, such as tyjie-metal, made 
of Fb and Sb ; Britannia-metal, made of Sn and Sh, etc. 



It forma two sets of compomids, ous and ic. In the former 
it is trifalent, In the latt«r quintivalent. Nearly all the anti- 
mony compounds are decompose*! by water. 

SbCU, Antimonioua Ckloride. — A white, deliquescent salt, 

formerly called butter of antimony. It is prepared by heating 
antimonious sulphide with hydrochloric acid ; thus, 

Sb,8,-|-0HC1 =2SbCl,-|-8H,8. 
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SbCli, Antimonic Chloride. — ^A colorless, volatile liquid, 
quite unstable. 

SbiSt, Antimonious Sulphide. — A compound of a gray color 
when pure, but when combined with a little water, of an 
orange-red color. It is formed whenever sulphuretted hydro- 
gen acts on a soluble salt of Sb ; thus, 

2Sba«+3HaS=SbaSs-f6Ha. 
Sb^Stj Antimonic Sulphide— ot little consequence. 

KSbOC^HAOt, Potasaio-stibyl tartrate, — ^This is known offi- 
cinally as Antimonii et Potassii Tartraa, commonly as tartar- 
emetic. This is prepared by boiling antimonious oxide, SbaOs, 
with potassium bitartrate, KHC4H4O6 ; 

SbaO«+2KHC4H40«=2KSbOC4H40«+H,0. 

It is a white, crystalline salt, freely soluble in water. Its 
graphic formula will be given under tartaric acid. 
The tests will for Sb will be given in Chapter X. 

ARSENIC— As. 

Properties, — ^A gray, brittle metal, slowly oxidizing in the 
air. It volatizes without fusion, and if O be present, forms 
arsenious oxide, which has a garlicky odor. In many of its 
chemical properties it resembles P, and is sometimes grouped 
with the non-metals. 

Occurrence, — It is very widely distributed but usually only 
in small quantities. It is sometimes found native, but its chief 
ores are a sulphide of Fe and As, called mispickel, and arsenides 
of Co and Ni. 

Preparation. — By heating the ore, the As sublimes in the 
form of arsenious oxide and is condensed and afterwards puri- 
fied by resublimation with charcoal. 



Uses, — It ia uaed somewhat in aUoye, being added to Pb in 
the manufacture of sluit to make them roujid ; also to Fe and 
Cu to enable them to take a more brilliant x>oltsh. 



itia 



irms two seta ot compounds, ous and ic. In the former 
ivalent, and in the latter quintivalent. 



AsjOi, Arsenious Oxide. — This is commonly called 'white 
arsenic or simply arsenic. A white, cryEtalline compound, 
fusible and aft«r fusion solidifying into aglasay mass, trans- 
parent at first but becoming opaque. Slightly eoluhle in water, 
forming with it arsenious acid, HgAsOg. This with some of 
the metals forma arsenites, most of which are unstable. At 
about 318" C, it is volatilized. It has a very slight taste, 
which can be easily disguised. It is known offlcinally as 
Acidum Araeniosum. 



AsiOi, Ar&enie Oxide. — A strong acid oxide, forming with 
water arsenic acid, HjAaOi, which resembles in many chemi- 
cal properties phosphoric acid. This forma with many metals 
stable salts called arseniates. Iliis oxide ia poisonous but less 
than the preceding. 

NaiHAtO, — Disudic Araeniate. — A white, crystalline, solu- 
ble salt, known otBcinally as Sodii Anenias. 

KiAsOi, Potassium Arscnite. — This is probably the salt con- 
tained in the officinal Liquor I'otas/ni Amenitia, known com- 
monly aa Fowler's solution. 



Cu^AaOt),, Cuprie Arsenite. — This is a brilliant, insoluble 
green salt, commonly called Scheele'a green. Paris or Schvxinr 
furt green, is a mixture of the acetate and arsenite of copper in 
varying proportions. Both are extensively used as pigments, 
eupecially for wall-paper. Tliey are not volatiU-, but parttales 
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may be rubbed off and float in the air. This may happen to 
such an extent as to cause symptoms of chronic arsenical poi- 
soning, especially if bed-rooms are covered with this kind of 
paper. 

Fe»(AsOA)if Ferroits Arseniate. — It is a white amorphous pow- 
der, officinal in the British Pharmacopoeia. The average dose 
contains so little iron that its chief value must be due to the 
As in it. 

ASiSi, Arsenic Bisulphide, — It is an orange-red, fusible salt, 
occurring native as Realgar. It is used a little as a pigment. 

As^t, Arsenious Sulphide, — It is a yellow, fusible salt, occur- 
ing native as Orpiment. It is used as a pigment. 

Both of these sulphides are said to be harmless when per- 
fectly pure. If made artificially, they are very apt to contain 
some arsenious oxide and are then of course very poisonous. 

Nearly all arsenical compounds are poisonous. The anti- 
dote in general is ferric hydrate, freshly prepared. This is 
made in two ways. 

(1) — By mixing solutions of ferric sulphate and ammonia ; 
thus, 

Fea(S04)a+6NH40H=Fe,(OH)«+3(NH4)aS04. 

(2) — By mixing solutions of ferric sulphate and magnesium 
hydrate ; thus, 

Fe,(S04)a+3Mg(OH)a=Fe,(OH)«+3MgS04. 

The latter is the preferable way, for the magnesium sulphate 
is a purgative. The ferric hydrate acts by forming a basic ar- 
seniate which is insoluble and permanent : thus, 

2Fe(OH)6+AsaO, =Fea(As04)s. Fe(OH)a+5HaO. 

The tests for As will be given in Chapter X. 



PU.TINUM QBOCP. 

PLATINUM GROUP, 

In this are included platinuni, iridiuin, paUBdium, rhodium, 
raUienium and osmium. These metals have some common 
chemical properties and are nearly always found associated in 
nature. The only one of sufQcient importance to be described 
here ia platinimi. 

PLATINUM— Pt. 

Propertiea. — A ■white, very malleable and ductile metal. 
The heaviest substance known, its specific gravity being 21.5. 
Almost infusible. Not attacked by the air, water or ordinary 
acida j only by nitro-hydrochlorie acid. 

Occurrence. — Always native but not very abundant. Associ- 
ated in its ores with the others of this group and often with Ag. 

Uses. — It is used extensively in crucibles where infuaibOity 
is required and in laboratory-ware where marked chemical 
itabiiity ia needed. 

CoMPonNDS. 

Are of little consequence compared with the native metal. 
They are in two sets, ou8 and ic. In the former it ia bivalent, 
in the latter quadrivalent. 

PtCt,, Platinic Chloride. — A reddiah-brown, deliquescent 
salt, much used as a test-reagent for K. With the chloride of 
this it forma a yellow precipitate, soluble only in 60 parte of 
water and still lees in dilute alcohol. 
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CHAPTER IX. 

ORGANIC CHEMISTRY. 

This is the Chemistry of the Carbon Compounds, which axe 
produced in animals and plants, and their derivatives. These 
compounds are not necessarily due to animal or vegetable life, 
since many of them can be formed by synthesis. In fact the 
laboratory of to-day almost surpasses nature in the formation 
of these compounds. These compounds always contain C, 
usually H, often O and N, and any element may be represented. 
Their general characteristics are : 

(1) — ^They usually contain many atoms, but few elements. 
(2) — ^They often exhibit great complexity of structure. 
(3) — ^They are often unstable, being easily decomposed into 

simpler compounds. 
(4)— They show many examples of isomerism. 
(5)— They are often arranged in homologous series. In these 

series adjacent members resemble each other usually. 
(6)— They occur in nature only as the result of animal or veg- 
etable life. 
They are divided into two great groups, the fatty series, the 
starting point of which is methane, CH4, and the aromatic 
series, which begins with benzol, C«H«. Besides these there 
are some other groups and a great number of compounds which 
are as yet unclassified. 

The subject of Organic Chemistry is so inexhaustible that it 
has been necessary to go over it very briefly in this manual* 
Consequently only those points of great importance have been 
touched. 

CLASSIFICATION OF ORGANIC C<>MPOUNDS. 

The grouping of organic compounds is based upon the nega- 
tive radical instead of the positive radical as in Inorganic 
Chemistry. They are classified under the following heads : 




is a list of the more important hydrocarbona 
. Notice particularly the nomenclstuTQ ; 



Methane 

CH. 
Ethane 

CH. 
Pro^ne 

Butane 
C.H,= 

Amane 
Sextans 


CH, 

Ethene 
C,H. 

Butene or 
Quortcne 

CH. 
Amene or 
Quintens 

Sextene 
C.H„ 


Ethine 
CH. 
Fropine 

Quartine 
CH. 

Quintine 
CM. 

Seitine 
CH,. 


Pggn. 

Qufljiwno 
CH. 

Qmntone 

Sextone 
CH, 


Quartune 
C.H, 

CJI. 

Seitune 
CH, 



The vertical 
goiiB. The first vertical eeries 



I, the horizontal are isolo- 
caJled tho paraflSnea and the 
second the olefinee. All but the flrat vertical series are artiad 
compound radicals, tliough they aJao exist free. The names of 
the perifisad compound radicals axe formed by changing the 
one of the first series to yl and in the other series hy adding yl 
to the ending, thus : methyl, (CH))i, propenjl, (CH.)'", etc. 
Seztune, CH., is usually a saturated compound of a peculiar 
character, called benzene or benzol, whose graphic fomiulsi is 
given above. The paraffinea are all saturated. 
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(2)— Haloid Ether, — ^A compound of a hydrocarbon radical 
with a halogen ; corresponding to a haloid salt ; thus, 

(CHsy CI, methyl chloride. 

(CHy*^ Cls, methenyl chloride or chloroform. 

(Sy-Alcohol, — A compound of a hydrocarbon radical with 
hydroxyl, OH ; corresponds to an hydroxide ; thus, 

H 

(CH,y OH, methyl alcohol, H-O— OH 

U 

OH OH OH 

(CsHsy" (OH)8, propenyl alcohol, H— C — C — C — H 

H H H 

(4) — Compound Ether. — A compound of a hydrocarbon radical 

with an oxygen-acid ; corresponds to an oxygennsalt ; 

thus, 

H H 




(CaHsy NOs, ethyl nitrate, H— C— C— O— NO,. 

H H 

(6) — Oxygen Ether, — A compound of a hydrocarbon radical 
with O ; corresponds to an oxide ; thus, 

H H H H 
(CH,y, O, ethyl ether, H— <!>-C-0-<>-0-H. 

kk kk 

O 
(CaH*)** O, ethene ether or oxide, H— C— C— H. 

H H 
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(0) — Mereaptait. — This is an alcohol in which the O baa been 

replaced b^ S ; thus, 

(C,H.)' SH, ethyl mercaptan, (C.H.)" (SH),, ethene raercaptan. 

(7) — Sulphur Ether, — Thia corresponds to aa oxygen ether in 
which the O has been replaced by 8 ; thtu, 

(CHs)i, 8, methyl sulphide. 

Se and Te form, compounds simUarly, as in (S) and (7), 
f8) — Aldehyde.— An alcohol, less two atoms o( H, taken from 

hthe carboD-atom holding tbe hydroxyl group ; thus from 
methyl alcohol is formed formic aldehyde ; 



CH,OH— 3H=GH, 



,o, c=o. 



This aldehyde is the starting-point of all aldehydes, and 
from it all the others can be obtained by substituting 
monad hydrocarbon radicals for one of the atoms of H. 
Only one H can be replaced. The other must be left 
connected with the C 

(9) — A.eid. — Is an aldehyde with one atom of O added to the 
characteristic carbon group ; thus formic aldehyde gives 
formic acid : H 

CH,0+0=CH,0„ C=0. 

OH 

(10)— Ketone. — Is an aldehyde in which both atoms of H have 
y hydrocarbon radicals ; thus. 



CiH.O, Acetone, H- 



:— c— c-c-H 
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(11) — Organo-metaUic Compounds.— Compounds of hydrocar- 
bon radical or radicals with a metal ; thus, 

(CHty K, potassiimi methide, {C^KiY^ Zn, Zinc ethide. 

{12y~Acid HaUde, — Derived from an organic acid by the sub- 
stitution of a halogen for hydroxyl ; thus, 

H 
(CaHsOy CI, acetyl chloride, H— C— C=0. 

H CI 

(18)— ^cid Oxide. — ^The same as in Inorganic Chemistry, the 
anhydride of an acid ; thus, 

(CsHsOysO, acetic oxide or anhydride. 

(14) — Amine. — Is ammonia, NHt, in which one or more atoms 
of H are replaced by hydrocarbon radicals ; thus. 



(CH,. 

ine, N \ CH,. 

CH,. 



(CH,y, N, trimethylam 



They are called primary, secondary or tertiary according as 
one, two or three atoms of H are replaced. 

(15)— u4.teofeoZic Armnonium, — Consists of NH5 in which one or 
more atoms of H are replaced by hydrocarbon radicals 
and often inorganic radicals ; thus, 

NH,C1CH9, Methylammonium chloride. 



h)n(i 



(16) — P, Aa and Sb form compounds eimilar to (U) and (15). 
These are called phosphines, arsiaes, etibmes ; pbospho- 
a, atiboniuwa. 



(ny-Amide. — la ammonia, NHj, in which one or mora atoms 
of H are replaced by acid radicala, i. e., acids minus the 
the characteristic hjdrozyl groups ; thus : 

(C,H,0)' NH„ acetamide. 

(CHiOy, NH, diacetamide. 

They are called primar;, Beoondary or tertiary according afi 
one, two or three atoms of H are replaced. 

(18) — Amic Aeid.~'lB a. polybasic acid in which some, not all, 
of the hydrosyl groups have been replaced by NHg, aml- 
dogen ; thus from sulphuric acid is formed 

(NH,)' HOSO,, Bulphamic acid, ^^' { SO, 



MONATOMIC ALCOHOLS. 

There are several of importance. 

CHiOH, Methyl Alcohol — also called carbinol or wood-naph' 
tha. It occurs largely as a by-product in the manufacture of 
acetic acid. Methylated Spirit is a mixture of methyl alcohol 
and ethyl alcohoL It is used extensively in England in the 
arts as a substitute for ethyl alcohol. Its taste is bo bad that it 
cannot be used for drinking purposes and hence is taxed at a 
very much lower rate there. 

CtBtOB, Ethyl ^to>ho(— Common Alcohol, g. v. 
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All monatomic alcohols can be considered as carbinol in 
which one, two or three atoms of H have been replaced by 
hydrocarbon radicals. From this they are called primary, 
secondary or tertiary ; thus, 

(CHty (CHaOHy, ethyl alcohol or methyl carbinol. 

(Cn»y (CaHs)* (CHOH)», secondary butyl alcohol or methyl- 
ethyl carbinol. 

(CHsya (CaHgy (COH)"», tertiary amylalcohol or dlmethyl-ethyl 
carbinol. 



COMMON ALCOHOL. 

This is simply ethyl alcohol GaHsOH. It can be formed 
synthetically thus : 

Ca+Ha=CaHa, acetylene. 
CaHa+Ha=CaH4, ethene. 
CaH4+HaS04=CaH5HS04, ethyl-sulphuric acid. 

CaH»HS04-fHaO=HaS04-fCaH50H. 

The chief source of ethyl alcohol is the vinous fermentation 
of grape-sugar by the action of the yeast plant, the saccharo- 
myces. The fermentation seems to be due to the efforts of this 
plant to obtain the food necessary for its growth. According 
to Prof. Chandler the requisites for fermentation are * 

(1)— Glucose 100.0 parts 

(2)— Albimienoids 1.0 " 

(3)— Mineral salts 0.5 " 

(4)— Yeast 0.5 " 

102.0 

(5) — ^Air, at least at the outset. 

(6) — A temperature between 5^ and 30** C. 
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And tho products of feriiientiition are : 

(1)— Ethyl alcohol 48.5 parta. 

(3)— Carbon dioxide 4C.5 " 

(3)— Glycerine 3.G " 

(4)— Succinic acid 0.7 " 

(5)— Fusel oil and Bome extractivoa 0.7 " 
(8)— Yeast, increased to 2.00 " 

103.0 

(7) — Traces of organic compound others of hydrocarbon radi- 
cals which give it bouquet. 

Manufacture of Beer. — Barley ia moistened and allowed to 
germinate. During this process a ferment, diastase, is devel- 
oped which converts part of the starch into sugar. The harlay 
is now dried to prevent further growth and ia called malt. The 
malt is crushed and placed in water at 76° C. to allow the 
diastase to act on the unaltered starch. It is then strained and 
the clear liquid, now called wort, ia boUed with hops to give it 
a bitter flavor. It is now mixed with yeast and allowed to 
ferment to a certain point, but not completely. The yeast is 
then separated and the beer is then draiwn off into casks. 

d(e.— The fermentation of this takes place at a comparatively 
high temperature, 15''-20'' C. The hubbies of carbon dioxide 
rise and carry the yeast to the Burface, forming a thick scum. 
This mechanically checks the oxidation and hence the fermen- 
tation. After the ale has been drawn off into tha cask, the 
fermentation starts up again and continues for some time. 

Lager. — This ia brewed at a lower temperature, B^-IO" O. 
The yeast sinks to the bottom and hence the fermentation ia 
much more complete. 

Manufacture of Whidcej/. — This is usually made from com, 
sometimes from rye, wheat, potatoes or other starch-bearing 
vegetables. The com is ground and mixed with water and a 
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very little malt. This furnishes the diastase to convert it into 
sugar. This mixture, called the mash, is kept at a warm 
temperature until all the starch has been acted on. The liquid 
is then drawn off and mixed with yeast. It is allowed to fer- 
ment as much as possible for it is desirable to get all the 
alcohol that can be obtained. It is next distilled and this 
gives rise to the raw whiskey. Rectification is the purification 
of alcohol and strong alcoholic liquors by the removal of water 
and fusel-oil chiefly by redistillation. Ethyl alcohol volatilizes 
at a lower temperature than these, and by carrying the tem- 
perature up to certain a point and not beyond, they will be left 
behind in the body of the stiU. 

Wine is the fermented juice of the grape. 

Brandy is the liquor obtained by distilling wine. 

Bum is made from molasses by fermentation and distillation. 

Oin is alcohol flavored with juniper berry and then distilled. 

Ethylie Ether, (C9H^)sO. — This is prepared from ethyl alco- 
hol by means of sulphuric acid and hence is often called sul- 
phuric ether. The reaction may be expressed thus : 

(1) C,H50H+H,S04=C,H5HS04+H,0. 

(2) C,H5HS04+CaH.OH=(C,H5)«0+H,S04. 

Its speciflc gravity is about .720. It boils at 35.5° C. and 
evaporates at all temperatures. It is very combustible and its 
vapor may make an explosive compound with air. Its use 
as an anaesthetic is well known. 

AOmS OF MONATOMIC ALCOHOLS. 

These are necessarily monobasic, for as there is but one 
alcohol-group, there can be but one acid-group. This charac- 
asteristic acid-group is C=0, a monad compound radical called 

OH 
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carboKyl. It is the H-atom iu thia group which can be replaced 
bj metals to form salts. 

The following is a li«t of the m 

Formic acid— C H,0,. 



Ptopionii 
Butyric 



C.H.O,. 



reimportaatmonatomic acids : 
Valerianic acid — Ci HioO>. 
Palmitic " C„H„0,. 
Stearic " Ci,Hi,0,. 

Oleic " C,ja.,.0,, 



Formic Acid, CH,Oi. —A clear, colorleaa liquid with a pene- 
trating odor. When concentrated, it is extremely corrosive 
and attaclis the skin energetically. It is a powerfu] reducing 
agent. It occurs in nature in the bodies of ants, some cater- 
pillars and in stinging nettles. It gives rise to salts called 
formates, none of which are very imporiant. 

Acetic Add, CtH,Oi, — Thisisone of themoatimporl ant or- 
ganic acids. Itoccursinnaturein the juices of some plants and 
animals. It is made chiefly by the slow oxidation of alcohol. 
One method is to allow wine or other alcohol-containing mix- 
ture to undei^ the acetous fermentation. The oxidation may 
be much expedited by exposingthe wine over a very extensive 
surface, especially of ■wood. Acetic acid is also formed during 
the destructive distillation of wood. 

It is a thin, colorless liquid with the cliaracteristio odor and 
tasle of vinegar. Below 15.5° C. it forms large trajisparent 
crystals. The anhydrous acid is called ollicinaily Addum 
Aeetieuvi Oladale. This is only used extemaUy as a mild 
escharotic. Its domestic use in vinegar is very extensive. 
It forms a number of salts called acetates. Nearly all Ihe nor- 
mal acetates are soluble and several of them are poisonous. 

For the other monatoauo acids reference must be made to 
larger works. Palmitic, stearic and oleic acids are discussed 
to some extent on page ID7, et seq. 

DIATOMIC ALCOHOLS. 

None of these are of much importance. Those derived frum 
the hydrocarbons of the olefine series are called glycols. I'^ich 



L 



106 TRIATOMIC ALCOHOLS. 

glycol forms two acids, one monobasic and the other bibasia 
Thus from Ethene Glycol ^ CaH4(OH)9, we get 

OH OH 

CaJSiOs, Olycollic Add, H — C — C = O, monobasic, 

H 

OH OH 

and Ca-HaOi, Oxalic Addf O = C — C = O, bibasic. 

Oxalic acid and most soluble oxalates are decidedly poisonous. 
The antidote is any lime or magnesium salt, for these form 
insoluble oxalates. Treatment should be prompt for the poi- 
son is energetic. 

From Propene Olycol, C8H6(OH)a, are formed 

H H 

CsHeOs, Lactic Acid, H — C — C — C = 0, monobasic, 

OH H OH 
H 

and CiHAOAf Malonic Add, = C — C — C = 0, bibasic 



Ink ' 



OH 

Lactic acid is chiefly found in nature as a result of the fer- 
mentation of lactose and some other carbohydrates. There 
are several isomeric modifications of the formula, one of 
which is officinal under the name Addum Lacticum» 

TEIATOMIC ALCOHOLS. 

There are only three of this class known : 

CH(OH)3, Methenyl Alcohol, (hypothetical). 
C8H5(OH)8, Propenyl Alcohol or Glycerine. 
C5H9(OH)t Pentenyi Alcohol or Amyl Glycerine. 



THIATOmc 

Methenyl Alcohol. 

This has never been isolated, but its haloid ethers are known 
and are of great importancG. Thej are : 

CHCla, Methenyl Chloride or Chloiofarm. 
CHIj, " Iodide or Iodoform. 

CHBri, " Bromide or Bromoform. 

Cliloroform, — This is prepared by diatilling slaked lime, good 
jialchloiideof lime, water and alcohol together; thuB, 



30, H, 0H+8Ca Cl.O + Ca(OH), : 



^ BCaCl,+SH,0-(-3Ca (OH), + 
Ca(CHO,)i<4-2CHCI,. 

It is a heavy, colorleas liquid, with a characteristic odor and a 
sweet, burning taste. Ita b]k*^'^<^ gravity is 1.485. It is 
slightly soluble in wat«r and miies in all proportions with 
alcohol and ether. It is an antiseptic. It is eictensively used 
as a general anaesthetic, especially in obstetrical practice. It 
is non-indanunablei 



Propenyl Alcohol, Olycerine. 

H H H 
;rhe graphic formula of this is: H — C — O — C- 



OH OH 



It is prepared by superheating stearin with water ; thus, 
C,H,(C„H„O,),-|-8H,O=0,H^OH).-}-3HC„H,>O,. 

this. — Tliese are compound ethers of propenyl with the 
fatty acids. Tho most common sittii)le fats are ; 

CaHsIC, mHi.O,)!, Propenyl Stearate or Stearin. 
C,Hi(Ci,H,,0,)„ " Paimitate or Pahnitin, 

C.H.<C,bH,.0.),, *• Oleate or Olein. 
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Most natural fats are mixtures of these and vary in consistency 
according to the amoiuit of each present. Olein is liquid at 
ordinary temperatures, stearin and palmitin solid when pure. 
The two latter when in solution in olein do not separate from it 
until the temperature is considerably below their usual solidify- 
ing point. Drying oils contain linoleic acid, dsHssOa, which 
rapidly absorbs O from the air and becomes converted into a 
hard, homy film. 

Soaps, — These properly consist of mixtures of the oleate, 
palmitate and stearate of K, which forms soft soaps, or of Na, 
which forms hard soaps. The term, however, is often ex- 
tended to include all metallic salts of oleic, palmitic and stearic 
acids. These soaps are formed by the method known as saponi- 
fication. This consists of the decomposition of a neutral fat 
by means of a hydrate or of an oxide and water ; thus, 

C3H5(Ci8H360a)3+3KOH=3KCi8H360a+C,H6(OH),. 

The true soaps are quite soluble, but the stearates, oleates and 
palmitates of most of the other metals are decidedly insoluble. 
It is on this account that hard water does not form a lather. 
The calcium and magnesium salts which are in it decompose 
the soap, forming a lime or magnesium soap, which is insol- 
uble; thus, 

2NaCi8H,50a+CaS04=Ca(Ci8H860a)a+NaaS04. 

Nitroglycerine. — ^This is simply nitrate of propenyl, C3H5 
(N0s)8. It is j)repared by treating glycerine with a mixture of 
concentrated nitric and sulphuric acids. The latter serves to 
take up the water liberated ; thus, 

C,H5(OH)3+3HN08+HaS04=C,Hs(N08)8+HaS04, 3HaO. 

It is a very violent explosive, there being nearly enough O to 
saturate all the other elements in the molecule, and the com- 
pounds thus formed are all gaseous. Dynamite consists of 
silicious infusorial earth, the interstices of which are filled 
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with nitroglycerine. This earth is composed chiefly or the 
skeletons of diatoms. It wiR take up about three times its 
weight of nitrogljGeriua and forma a convenient way of litiad- 
ling this. 

TETRATOMIC ALCOHOLS. 

There is but one known, erythrite, CH.tOi. TIds ia of litHe 
importance, but the bibaaic acid correaponding to it is very 
important, being 

CiHtO,, Tartaric Acid. — This exists in five different physical 
modifications, The one in ordinary use is the dextrotartanc 
acid, so called from its rotating polarized light to the right. 
It occurs in nature chiefly aa potassium bitartrate or cream of 
tartar during the fermentation of grape-juice. It is a crystal- 
fine Bofid, odorless, with a distinctly acid taate, freely soluble ; 
abibasic acid. It forms a number of salts, among the moat 
important being 

(£■)! ISbOy (C.ff, 0.)", Potatsio-stibyl Tartrate.— This is 
known officinally aa Antimoniiet Polasni Tartraa, commonly 
as tartar-emetic. This is an acrid salt, soluble in water, decom- 
posed by ijoth acids and alialiea. It is prepared by boiling 
solutions of antimonious oxide and potassium bitartrate ; thus, 

SbjO,4-2KHC.H.O,=3KSbOC.H.O,+H,0. 

Tartar emetic is decidedly poisonous. The antidote ia tannic 
acid, or any substance containing it, such as green tea. Tlie 
graphic formulae for tartaric acid and tartar-emetic lire : 



HO— C— C — C— C— OH, 

" 1 1 'I 
O OH OH 



--0-C— C — O - .C— O— Sb=0. 
II I 1 II 
O OH OH O 

i a tetratomic acid, the alcohol 
white, I'rjstalbue solid, freely 
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soluble in water, occurring in. nature in the juices of many 
fruits. It is tribasic. 

There are no pentatomic alcohols known. 

HEXATOMIC ALCOHOLS. 

There is but one known, sextone alcohol, CeHiiOe. This 
occurs in nature in several forms, mannite, dulcite and sorbite. 
Mannite can be prepared artificially by acting on glucose with 
nascent H. It is obtained from manna, an exudation from a 
species of ash. 

Corresponding to this alcohol, the great class of carbohy- 
drates takes its origin. It may be subdivided into the 
following groups : 

Olucoses. — ^These have a common formula, CeHisOe, and 
may be considered aldehydes of mannite ; thus, 

CeH!i40e — Ha=^CflH.iaOB. 

Nearly all rotate polarized light through different degrees, but 
otherwise they have very similar properties. 

Saccharoses or Sugars. — These have a common formula, 
CiaHaaOii, and may be considered as two molecules of glucose, 
less water ; thus, 

2CeHi90e — HaO=:CiaHaaOii. 

Amyloses or Starches. — ^These have a formula, CeHioOs, or 
some multiple of it, and may be considered as one or more 
molecules of glucose less the same number of molecules of 
water; thus, 

oCeHiaOe — 3HaO=Cie-H8oOi5. 

OliLCoses. 

The two most important are dextroglucose, or dextrose, and 
laeroglucose, or levulose. These are so called from their power 
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of rotatiug polamed light, the one to the right, the other to 
the leFt. Thej are usuilIIj a£SOciat«d in nature and can only 
bo separated by special means. Both are found in niany- 
fruita. Dextrose alone is found in animals, while leTuiose 
does not occur eeparately. 

Preparation. — Both may l>e prepared together by inverting 
cane-Bugar by means of acids, yeast, bailing or other agents. 
These cause the sugar to take up a molecule ol water and then 
split up into the two glucoses ; thus 



C„H„0„+H,0=C.H,,0,+C,E 



,o,. 



This is called inverting, from the fact that the effect on polar- 
ized light is changed from right-lianded rotation to left-handed. 
Cane sugar rotates it -l-Ta.S" (to the right), dextrose -f06°, 
lemlose —106° {to the left) ; hence the rotation of inverted 



; for 



+5fi-ioe_ 



-25. 



This change occurs spontaneously in honey and molaaaefl. 

Dextrose alone may be prepared by the action of diastatio 
ferments or dilute acids on starcb, causing it to take up a> 
molecule of water ; thus, 

C,H,„0.+HiO=Cai„0.. 

Levulose may be prepared alone by boiling InuUn, a peculiar 

variety of starch, with dilute acids or for a long time with 
water. These cause it to take up a molecule of water. 

Properties. — Both are soluble in water and alcohol, and 
fermsntable. Both respond to the ordinary testa for glucose. 
Together in equ.il parts they are about half as sweet aa cane- 
sugar. Deitr03e is crjstnllizable. levnliwe amorphous. Tlie 
latter ia sweeter than dextrose, nearly as sweet as cane-sugar- 

Tbe other glucoses are of little importance, 

OInoosfdcs.— These are so called because when heated with 
acids, they split up into glucose and some other subetanoe. 
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They are sometiines considered compound ethers of glucose. 
Many of the neutral principles, which are of importance on 
account of their medicinal value, belong to this class ; such as 
convolvulin, digitalin, salicin, etc. None of them are alkaloids 
although they may contain N. 

Stigars, 

Cane-sugar or Saccharose, — ^This occurs in nearly all plants, 
often associated with dextrose and levulose. Its chief sources 
are the sugar-cane, beet, maple, date, sorghiun. It does not 
imdergo the vinous fermentation directly, but it first becomes 
inverted and can then be fermented. 

MiUc-sugar or Lactose, — ^This is found in milk. It is not 
very sweet and is much less soluble in water than saccharose. 
It is more apt to undergo the lactic-acid fermentation than 
the alcoholic. 

The other sugars v.re of little consequence. 

Starches, 

Starch, — ^The probable formula for this is CisHsoOis. It is 
found in every plant. It is converted into glucose by the 
action of a dilute mineral acid or diastase, causing it to take up 
one molecule of water and then split up into dextrose and 
dextrin; thus, 

Ci8H8oOi6-|-HaO=C6HiaOe-|-2C6Hio06. 

By prolonged boiling the dextrin also takes up water and be- 
comes dextrose. Starch strikes a blue color with free I. It is 
insoluble in water but forms a paste with it. At high' tem- 
peratures it becomes converted into dextiin, which is soluble. 

Cellulose, — ^This is found in all plants associated with starch. 
Very insoluble and innutritions. By strong acids it can be 
converted into glucose. Gun-cotton is derived from this by 
the action of nitric acid, sulphuric acid being used as a dehy- 
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drator. There sre tJiree hinde the fomiulfB of vrhich a 
C,H,(NO,).Os, C,Hb(NO,),0„ C,H»(N0,)06. fhe first is 
eiploeive variety ; the third when dissolved in ether 41 
alcohol forms collodion. 

This doee not ow 



Oams. — These chemically belong to the starches but differ 
very much in their physical properties. 

THE AROMATIC GROUP. 

The starting-point of this group U C«H,, benzol or benzene, 
the graphic formula for which ia given on page 97. In this 
formula the C-atoms are linked together alternately by single 
and double linkage. This makes a saturated compound of it. 
It would seem as if we ought to be able to break up the double 
links, however, and get six bonds in addition to the sii 
already saturated with H. This has been done and additive- 
compounds of a formula similar to CtH.Cl. have been made. 
These additive-compounds are few and unimportant. Nearly 
all the compounds of this series are sulatitution-compounda of 
benzene, in which one or more H-atoma are replaced by radi- 
cals, simple or compound. 

In case one H only ia replaced, we get but one class of com- 
pounds. Tliis is because all the C-atoma in the benzene-ring 
are synmietrical, and it makes no difference to which the 
replacing radical is attached. 

In case two H-atoms are replaced, we get three classes of 
compounds, differing somewhat in their chemical and physical 
properties. If we number the C-atoms in the benzene-ring, 
1, 2, 3, 4, 5, 6, we can attach tlie replacing radicals to 1 and 3, 
1 and 3, or 1 and 4. In each case we get a different com- 
pound. These are the only three possible modifications, whether 
the two radicals are the same or not, for as all the O-atoms are 
Eynunetricat, it makes no difference at which one wo begin 
to count 
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If more than two H-atoms axe replaced by different radicals 
the modifications become more numerous. 

The aromatic compounds are less numerous and less impor- 
tant than those of the fatty series. Only a few of the most 
important can be discussed here. 

Ce-ffe, Benzene, — A thin, colorless, volatile liquid, with a 
peculiar odor ; lighter than water, in which it is nearly insolu- 
ble ; very inflammable. It freely dissolves I, S, P, fats, resins, 
etc. It is obtained almost entirely from the more volatile por- 
tions of coal-tar oil, but is also formed during the destructive 
distillation of many organic bodies. It can be prepared syn- 
thetically by heating ethine or acetylene, CaHa ; thus, 

8CaMa=C8M8. 

From benzene most of the other hydrocarbons of this series 
are obtained by substituting for one or more H-atoms hydro- 
carbon radicals ; thus, 

C7H8, Toluene, dR^iCni). 

p pr j Xylene, C6H4(CH,)a, 

^«^"' ;i Ethylbenzene, CaHftCCaHJ, etc. 

These substituting hydrocarbon-radicals are called lateral 
chains. Naphthalene, CioHe, and Anthracene, C14H10, contain 
two benzene rings. In the former they are fused together, in 
that way losing two C-atoms and four H-atoms. In the latter 
they are connected by the quadrivalent radical, CaHa, which 
replaces four H-atoms. 

Aromatic Alcohols. 

As in the fatty series, these are formed by the substitution 
of hydroxy 1, OH, for an atom of H. When this substitution 
occurs in a lateral chain, it gives rise to a primary alcohol, 
which resembles the primary alcohol of one of the fatty series. 
If the substitution occurs in the principal chain, it forms what 
is known as a phenol. The characteristic group of a phenol is 



.j-^-A, which is the saine oa that of the tertiary ulcuhols in 
the fatty series. They may be monatomic, diatomic, triutomic, 



e atoms of II (..^ 
i basic properties 



etc., according s . ., 
replaced. They exhibit . 
chemically. 

C%HiOH, Phenol or Carbolic Add. — A colorless, crystalline 
Bolid, deliquescent. It has a characteristic odur and taste. It 
melts at about 100" F. By the addition of B-IO per cent, of 
water it Is liquefied, forming a clear solution. Beyond that 
point they do not mix: until there is twenty times as much 
water as phenol, when the latter is dissolved. It is very solu- 
ble in alcohol, ether and glycerine. Commercially it generally 
occurs as a reddish-brown liquid from the presence of water 
and other impurities. It is an antiseptic, a local irritant and 
anaesthetic. It is poisonous ; the chemical antidotes are sac- 
charate of lime and the soluble sulphates, eBX)eciaIly sodium 
sulphate. It Ja known officinally as Acidum Carbolieum. 
Chemically its acid properties are very feeble and its reaction 
is neutral. 

There are several other monatomic phenols, not of sufficient 
importance to be discusiied. 

CiHtiOH),. — This Ja a diatomic phenol and consequently baa 
three modifications. These are Pyrocatechin, JJesoroin and 
Hydroquinone. Resorcin is a crystalline solid, soluble in 
water, alcohol and ether. It is used to some extent in medi- 
cine externally. Hydroquinone is a solid, soluble in water, 
alcohol and ether, not used now in medicine but used exteu- 
eively as a developer in photography. 



CjHi(OH)). — This is a triatomic phnnol and there are two 
known modifications. These are I^rogallol, commonly called 
pyrogallic acid , and Pkloroglucin. The former is a soluble solid, 
used eiteneively as a developer in photography. The latter 
forms part of the latest and probably best test for detecting 
the presence of free I ydrocliloric acid in the gastno juice. 
This test is as follows : Dissolve in one oz. of absolute alcoliol 



118 PBOTBIDS. 

Sources. — ^They axe found native in the animal and vegetable 
kingdoms. They are also formed dming the destructive dis- 
tillation of complex organic bodies. Artificial alkaloids have 
been produced synthetically, resembling but not identical with 
the natural ones. 

Composition, — Some are liquid and contain C, H and N. 
Most, however, are solid and contain in addition O. They 
belong to the amines and axe usually tertiary. 

Properties, — ^They combine with acids to form salts directly 
and without substitution, resembling in this ammonia, NHs. 
Most of them turn red litmus-paper blue. Most of them have 
powerful medicinal properties and many are .used in medicine. 

The important native liquid alkaloids are : 

Conine from conium maculatum. 

Nicotine ** nicotiana tabacum, 

Lobeline " lobelia inflata. 

Sparteine '* sarothamnus scoparius. 

There are many derived and artificial liquid alkaloids and the 
number of solid alkaloids, both native and artificial, is very 
great. 

PROTEIDS. 

Proteids or albumenoids are native nitrogenous bodies, 
found in animals and plants. Their empirical formula is 
approximately CTaHnaNieOaaS. Their constitution is not 
known but seems to be that of a complex ureide, containing 
one-fifth of its N in the form of urea. They are amorphous 
except globin, and colloid ; they are slightly diffusible except- 
ing the peptones which diffuse freely. Most of them are 
soluble in dilute acids or alkalies, but nearly all are readily 
coagulated. They keep well when dry, but rapidly putrefy 
when moist. They are all hygroscopic, and rotate polarized 
light to the left. They are formed almost entirely in plants. 
When eaten by animals and assimilated, they undergo 
but little alteration before they become oxidized. 



Tbey are classified aj 



I.— Native Albm 



n.— GlobulinB. 



( Seruin-albumin, 1 



Globulin. 

Paraglobulin 

Fibriuogeu. 

Myosin. 

Vitellin. 

Globin. 



III.- — Derived Albumina. 



Soluble in distilled 
water : coagulated 
by boiling. 

Inaolublo in diatilleil water : 
soluble in normal (d.li?) 
salt solution ; coagulated 
by boiling. 



Insoluble in dia- 
tilled water or 
normal salt Bolu- 
lution; soluble in 
dilute acida or al- 
kalies, but pre- 
cipitated by neu- 
tralization : not 
Lgulated by 



Alkali-albumin. 
Aeid-albumin. 
Casein. (V) 
Lee:umiii, 



boiling. 
Soluble ia 10;^ solution of 
salt or in 0.3? of hydrooMoric 
acid at 60" C. Converted into 
coagulated proteide hj boil- 
ing. 

5 Soluble ia the^astric juic«, being 
changed into acid-albumin or pep- 
tones. Not affected by lioiling. 
■ITT D„.,*™,n t Soluble in distilled water. Not affected 
VI.— feptones. { by boiling. 

C Insoluble in everything but dilute ammo- 
VII.— Lardacein. -I "i?" 9*"'™?^,*^.''? strong acids into^acid- 



; alkalies i 



al- 



The tests for protoida arn tho same for all classes except lar- 
dacein. They are ae follows ; 
(1) — They are all precipitated by excess of alcohol and in time 

coagulated. 
fS) — Xanthoproteic test. Heated with strong nitric acid, the 

solution turns yellow. On tbe addition of ammonia, 

soda or potassa, this Imcouies orange. 
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(8) — Mix with a sta*cmg solution of soda or potassa and add a 
drop of a solution of cupric sulphate. A rich purple 
color is developed. If chiefly peptomes are present, the 
color is pink. 

(4) — ^Wiih Millon's reagent they give a white precipitate which 
turns red on boiling. This reagent is prepared by dissolv- 
ing pure Hg in an equal weight of nitric acid by the aid 
of heat. Then add twice the bulk of water, and after 
subsidence, decant the supernatant liquid, which is the 
reagent. 

FERMENTATION. 

Fermentation is the change or decomjKXsition which takes 
place in most vegetable or animal substances after death when 
exposed at ordinary temperatures to air and moisture. "When 
the process is accompanied by the Hberation of fetid gases, it 
is termed putrefaction. 

The most important varieties of fermentation axe : 

~AlcohoUc^ f transforms glucose into alcohol. 

2 —Acetous — 

3 — ^Lactous — 

4 — Butyrous — 

6— Mucous or ) 
Viscous ) 

C — Saccharous — 

7 — Glucosic — 

8— Urinous— 

9 — Peptous — 



alcohol ** acetic acid, 

lactose ** lactic acid, 

lactic acid ** butyric acid. 

cane-sugar ** mannite and gum. 

starch '* glucose and dextrin, 

cane-sugar ** glucose, 

urea *^ ammonium carbonate, 

proteids " peptones. 



Ferments may be divided into two classes : 

(1) — Organized — These are composed of living organisms, usu- 
ally yeasts or bacteria. These grow and multiply at the 
'^xpense of the substance in which they exist. It is due 
to their vital activity that the fermentation occurs, the 
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products of fermentation being probably simply their 
excreta. 
(2) — Unorganized — ^These are produced by living cells but are 
themselves non-living. They seem to be of nitrogenous 
composition. Their mode of action is unknown except 
that they themselves do not seem to be affected by the 
transformation. They are mostly hydrolytic in their 
action. 

The more common methods for the prevention of fermenta- 
tion are as follows : 

1 — ^Thorough drying, 

2 — C!ooling or freezing. 

8— Oanning, i. e., subjecting the material to a temperature 

sufficient to destroy the vitality of the germs, and then 

hermeticaUy sealing, 
i — By the use of various antiseptics, such as sodium chloride, 

potassium nitrate, sugar, alcohol, smoke, etc. 
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CHAPTER X. 

TESTS. 

In this chapter axe given brief tests for the more important 
acids and metals and the principal alkaloids. Those especially 
which have marked poisonous properties have been mentioned. 
A few of them have already been described in Chap. IV. 

ACIDS AND THEIR COMPOUNDS. 

Nitrous Acid and Nitrites See page 34, section (7). 

Nitric Acid and Nitrates " " ** ** (8). 

Hydrochloric Acid and Chlorides. . ** " ** " (5). 

Sulphuric Acid axid Sulphates ** '* ** " (6). 

Barium nitrate, Ba(N0s)3, may be used instead of 
barium chloride. The barium sulphate formed in 
either case is characterized by its insolubility in every- 
thing but boiling sulphuric acid, and only sparingly 
in that. 

Carbonic Acid and Carbonates. . .See page 36, section (13). 
In case the carbon dioxide is combined with bases 
to form carbonates, it must be released from these 
by the addition of some stronger acid, such as hydro- 
chloric or sulphuric. 

Ortho-phosphoric Add and Ortho-phosphates, 
All other phosphorus compounds must first be reduced to 
this condition by fusion with a carbonate of an alkali and 
potassium nitrate. Add to the phosphoric acid, or the phos- 
phate dissolved in nitric acid, an excess of a solution of ammo- 
nium molybdate, (NH4)aMo04, in dilute nitric acid and apply 
heat. A yellow precipitate is formed of phosphomolybdate of 
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anuQOnium. Ai^enio acid if present is precipitated at the same 
time. It should first be remored by lij-drt^en sulphide. In 
cases of poisoning it may be neceBsary to test directly for 

Phospliorus. — This can be dona by distilling the viscera with 
water from a glass flask connected tvith a glass Liebig's con- 
denser in a dark room. At eome stage in the diatillation the 
Tapor in the condenser will become phosphorescent. Should 
this fail it will be because the P has become oxiditced. In that 
case it will be necessary to test for phosphorous acid, for the 
presence of phosphoric acid would be valueless on account of 
its abundance in normal tissues. 

Plu)sphoroua Acid. — The mass of viscera should be treated 
in a gas apparatus with zinc and hydrochloric acid. If the 
hydrogen-gikS thus generated is contaminated with phoBphor- 
etted hydrogen, its flame will exhibit a green core, especially 
when depressed by a porcelain jilatc. This reaction will also 
be given by hypophoaphorous acid and its salts, some of which 



Iodine and Iodides. 

Fie% I Htrikea with starch a strong blue color. If in the form 
of iodiilea, they should first be decomposed by the addition of 
a. little chlorine water, 

Sydroeyanio Acid or Cyanides. 

(1) — On the addition of silver nitrate a white precipitate is 
formed consisting of silver cyanide, AgCN. This is dis- 
tinguished from silver chloride by not blackening so 
readily, by its solubihty in boiling nitric acid, and by its 
being decomposed when heated in the dry state, metallio 
silver being left. 

(2) — Add ammonium sulphhydrate and evaporate to dryness. 
This forms sulphocyanio acid, which, on the addition of 
ferric chloride or ferric sulphide, gives a blood-rod color, 
due to Bulpliocyanide of iron. This color is inst^Lotly 



124 TESTS. 

discharged on the addition of a solution of meiciirie 
chloride or mercuric nitrate. 
(3)— Add solutions of a ferrous and a ferric salt. A green pre- 
cipitate is produced, which, on the addition of sulphuric 
acid, is changed to a deep blue precipitate, ferric f error 
cyanide, Fe4(FeC6N6)s, the so-called Prussian blue. 

METALS AND THEIR SALTS. 

Potassium, 

(1) — To a solution of a potassium salt, add a few drops of 

hydrochloric acid, platinic chloride and some alcohol. 

A yellow precipitate falls of potassio-platinic chloride, 

Pta4. 2KC1. 
(2) — ^Add tartaric acid and some alcohol. A white precipitate 

is slowly formed of potassium bitartrate, KHC4H4O6. 
(3) — Spectral examination is perfectly conclusive. See page 59. 

Sodium, 

There is no good precipitant for sodium salts. They all give 
an intense yellow color to a colorless flame and the spectro- 
scopic test is easy and perrectly reliable. See page 62. 

Amm^onium, 

See page 34» section (9). 

CcUeium. 

See page 35, section (11). The crystals of calcium oxalate 
are easily recognized under the microscope, occurring in well- 
marked octahedra. The precipitate is not dissolved by acetic 
acid or by very dilute hydrochloric acid, but is by any excess 
of hydrochloric acid. 

Barium, 

(1) — The addition of sulphuric acid or a soluble sulphate gives 
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a dense white precipitate of barium eulpbate, BaSO^, 
BOlnble onI<r in boiling eulphurio acid and Bparingly 
in thati 

(2) — Hydrofluosilio aoid gives a white preciptate. 



MagTiemit 



See page 35, section (13). 



Aminoniuin eulphide c 
zinc sulphide, insoluble ii 



(1) — Sulphuretted hydrogen or animoniuni sulphide gives a 
black precipitate ot lead sulphide, PbS. 

(2)— Sulphuric acid or a soluble sulphate gives a white precipi- 
tate of lead sulphate, F1>S0,, iusoluble in nitric acid. 

(3) — Hydrochloric acid or a, soluble chloride givea a white pre- 
cipitate of lead chloride, PbCU. This may be entirely 
dissolved by great excess of wat«r, eapeciaUy boiling, and 
does not form if the lead salt is in very dilute solution. 

(4) — AlkaUes or their carbonatea give white precipitates. With 
the former, it consists of lead hydrate, Pb(OH)s, soluble 
in eiceas of water, except when produced by ammonia. 
With the latter, it consists of lead carbonate, PbCO,, 
insoluble in eicess of pure water. 

(S) — Potassium iodide givea a yellow precipitate of lead iodide, 
Pbl,. 

(6)— Potassium chromate gives a yellow precipitate of lead 
chroniate, Pb Cr Q,. 

Copper. 

(1) — Sulphuretted hydrogen or ammonium sulphide gives a 

black precipitate of cupric sulphide, CuS. 
(S)— Sodium or potassium hydrate gives a blue precipitate of 
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of cupric hydrate, Cu(0H)2. By boiling this is con- 
verted into the brown cupric oxide, CuO. 

(3) — Anunoniiun hydrate in excess gives a dark-blue color. 

(4)— Potassium ferrocyanide gives a reddish-brown precipitate 
of cupric ferrocyanide, CuaFeCeNB, 

(5)— Immerse a bright piece of steel in an acidulated solution. 
Metallic Cu is immediately precipitated on it. 

Mercury, 

(1) — Stannous chloride produces a white precipitate, which on 
heating becomes dark-gray. This consists of metallic Hg. 

(2) — Place a piece of bright metallic Cu in a slightly acid solu- 
tion of a mercury salt, but one not containing any free 
nitric acid. The Cu becomes covered with a dark gray 
film of metallic Hg. This can then be separated by 
volatilization and condensation. 

Mercurous Salts, 

(1)— Sulphuretted hydrogen or ammonium sulphide gives a 
black precipitate of mercurous sulphide, HgaS. 

(2) — ^Potassium iodide gives a green precipitate of mercurous 
iodide, Hgala. 

(3) — ^Potassium, sodium or calcium hydrate gives a very dark 
precipitate of mercurous oxide, HgaO. 

(4) — The alkaline carbonates give a white precipitate of mercu- 
rous carbonate, HgaCOs, soon decomposing into the 
black mercurous oxide. 

(5) — Hydrochloric acid or a soluble chloride gives a white pre- 
cipitate of mercurous chloride, HgaCla. This turns black 
on the addition of ammonia. 

Mercuric Salts, 

(1) — Sulphuretted hydrogen or ammoniumsulphide gives, 
if in excess, a black precipitate of mercuric sulphide, 
HgS. This on sublimation becomes red. 

(2)—- Potassium iodide gives a red precipitate of mercuric 




187 

Iodide, Hglj, soluble in excess of either the mercurio 

salt or the potaaaium iodide. 
(3) — Potassium, Bodium or calcium liyJrato gives ft yellow 

precipitate of mercuric oxide, HgO. 
^)— The alkaline carbonatea give a yeUowish-browa precipitate 

of mercuric carbonate, HkCOi. This is very unstable. 
(6) — Tliej give no precipitate with hydrochloric acid or soluble 

chloridea. 

Hydrochloric acid or a soluble chloride gives a dense whita 
precipitate of silver chloride, AgCl, tvbich blackens on eipos- 
nre to tight, is insoluble in hot nitric acid but is completely 
diBBolved by ammotdum hydrate, from which it ia precipitated 
on neutralization bj nitric acid. It is distinguialied from lead 
chloride by its insolubility in water, the latter being dissolved 
by excess of boiling water. Prom mercurous chloride, it is 
distinguished by the latter being instantly blackened by 

Alumiiiium. 

(1)— On the addition of sodium or potassium hydrate a white 
gelatinous precipitate of aluminium hydrate, AI(OHj>, is 
produced, soluble in excess of the alkaU. Ammonium 
hydrate gives the some precipitate, but it is insoluble in 

(2) — The carbonates of ammonium , K and Na, give the same 
precipitate with tlie liberation of carbon dioxide. 

(3) — Ammonium sulphide gives the same precipitate with the 
hl>eration of sulphuretted hydrogen. 

Fentms Salts. 

(1) — Ammonium sulphide gives a black precipitate of ferrous 

sulphide, FeS. 
(3) — Sulphuriitt^d hydrogen givea no reaction. 
(S) — Hydrates of ammooium, Na or K, give u white precipitate 
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of ferrous hydrate, Fe(OH)a. This soon turns green and 
then brown from absorption of O. 

(4) — Carbonates of ammonium, K or Na, give a white precipi- 
tate of ferrous carbonate, FeCOs, soon turning darker. 

(5) — Potassium ferrocyanide gives an almost white precipitate 
of ferrous ferrocyanide, FeaFeCaNa, soon turning blue. 

(6) — Tannic acid gives no reaction. 

Ferric Salts, 

(1)— Ammonium sulphide gives a black precipitate of ferrous 
sulphide mixed with S. 

(2) — Sulphuretted hydrogen gives a white precipitate of S and 
converts them into ferrous salts. 

(3)— Hydrates of ammoniimi, Na or K, give a reddish-brown 
precipitate of ferric hydrate, Fea(0H)8. 

(4)— Carbonates of ammonium, Na or K, give the same precip- 
itate as in (3) with the liberation of carbon dioxide. 

(5) — Potassium ferrocyanide gives a dark-blue precipitate of 
ferric ferrocyanide, Fe4(FeC8N8)8, commonly called Prus- 
sian blue. 

(6)— Tannic acid gives a dark greenish-black precipitate of 
ferric tannate. 

Mangaiiese, 

(1) — Ammonium sulphide gives a flesh-colored precipitate of 

manganous sulphide, MnS, soluble in acetic or mineral 

acid. 
(2) — Hydrates of ammonium, K or Na, give a white precipitate 

of manganous hydrate, Mn(OH)a, soon becoming darker 

from absorption of O. 
(3) — Carbonates of ammonium, K or Na, give white precipitates 

of manganous carbonate, MnCOs. 

Chromium, 

Chromic Acid or Chrovfiates, 

(1)— Any soluble lead salt will produce a yellow precipitate of 




TEBTS. 



139 



lead chromBte, PbCrOi, insoluble in acetio but soluble 
iu hydroclilorio acid. 
(3)— Any soluble barium salt produces a pale-yellow precipi- 
tate of barium chromate, BaCrO,. 
(3) — Any soluble silver salt produces a. dark-rod precipitate of 

silver cbromate, AgjCrO,, 
(4) — Any soluble mercuroua salt produces a red precipitate of 
mercuroufl chromate, HgjCrO,, 
Any compound of Cr can be converted into an alkaline chro- 
mate by ignition with a mixture of potassium nitrate and an 
alkaline carbonate. Tlie above tests can theu be applied. 



Gold. 

(1) — Ferrous sulphate gives a dark-brown precipitate of metal- 
lic gold, which can be fnsed. 

(2) — Stannous chloride gives a browniah-purple precipitate, 
called " Purple of Cassius. " 

Eimiutk, 

(1)— Hydrogen eulphidegivesa very dark-brown precipitate 
of bisuuth sulphide, BiaSj. 

(2) — The addition of water to a solution of a bismuth aalt pro- 
duces a white precijiitate of a t^asic salt. 



Antimotiy. 

(1)— Hydrogen sulphide gives an orange-red precipitate of anti- 
monioua or antimonio sulphide. This is aolublo in ammo- 
nium sulpliide but is precipitated on neulralieatioa with 

(2) — Dissolve the sulphide thus produced, by heating with con- 
centrated hydrocblorio acid. Pour the solution into 
water and a w'hite precipitate of an oxycliloride forms. 

(SK^or Marsb's test in relation to Sh, see page 131. 
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Arsenic. 

(1)— When ignited, it gives a garlicky odor. 

(2)— If in the form of arsenious oxide, it may be reduced to 
metallic As by heating it in a test-tube with sodium car- 
bonate and charcoal. The As condenses in the cool part 
of the tube in the form of a black deposit. 

(8) — Hydrogen sulphide in neutral or slightly acid solution 
gives a yellow precipitate of arsenious sulphide, AsaSs, 
soluble in ammonium sulphide or an alkaline hydrate, 
but insoluble in dilute hydrochloric acid. 

AsaO,+3HaS=As,S,-f3HaO. 

(4) — ^Ammonio-silver nitrate gives with neutral solutions of 
arsenious acid a light yellow precipitate of silver arsenite; 
thus, 

AsaO,+6AgNO,+6NH40H=2Ag,AsO,-f-6NH4NO,-f-3HaO. 

With solutions of arsenic acid it gives a reddish-brown 
precipitate of silver arseniate, Ag3As04. Both these 
precipitates are soluble in acids and alkalies. The 
ammonio-silver nitrate is made by adding just enough 
aqua ammoniae to a solution of silver nitrate to dissolve 
the precipitate first formed. 

(6) — ^Ammonio-cupric sulphate (made similarly to the preced- 
ing) gives with neutral solutions of arsenious acid a 
bright green precipitate of cupric arsenite ; thus, 

A8aO,+3CuS04+6NH40H=Cu,(As03)a+8(NH4)aS04+3H,0. 

With solutions of arsenic salts it gives a precipitate, also 
green, but of cupric arseniate. These are also soluble in 
acids and alkalies. 

(6) — Reinsch's Test. This is really a method for obtaining 
arsenic from solutions, especially those containing 
organic matters. Hydrochloric acid is added to the 
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, acAution and tbea atrijia of bright metallic Cu are placed 
in it and the wholei is boiled. Nearly the whole of the 
As is deposited on the Cu as a gray film, constituting an 
alloy. The presence of nitrates or chlorates provcnts 
tliis deposit until the whole of these substances have 
been consumed by the action of the Cu. 
(7)— Marsh's Test. TJiia is the most reliable, especially for 
minute quantities. Li a gas-generating apparatus are 
placed metallic Zn and dilute aulpburic acid. This 
oausea the liberation of H, which is carried through a 
long glass tube to a burner. There it bums with an 
almost colorless flame, which gives no deposit on a 
plate held in the flame. Thesuspected solution isnow 
added. If As be present, the flame becomes larger and 
bluish from the formation of arseniuretted hydrogen 
and emits an odor of garlic. If a cold porcelain plate 
is held in the flame, a dark-brown spot, composed 
chiefly of metallic As, is deposited on it. 8b will 
give a very similar reaction. In order to distinguish 
it from As, the following points may be noticed: 

a — Solution of chloride of lime (page 13} will dia- 
Bolve spots of As but dues not affect those of Sb. 
b — StaonouH chloride has no effect on spots of As, 
wiiile it dissolves those of Sb slowly and completely. 
— Add a few drops o£ nitric acid to the spot and 
evaporate to dryness. The addition of a drop or 
two of a solution of silver nitrate will turn it bright 
red if it is As ; if Sb, it will remain white. 
d—Paea the gas into a solution of silver nitrate. 
In both cases a black precipitate falls. In the 
case of Sb, it consisU of silver antimonide, AgiSb, 
in which alt the Sb in contained ; thus, 

H,Sb+3AgNO.=3HNO,+Ae,Sb. 

The solution i 

will give the ordinary 
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In the case of As, it will consist of metallic Ag ; 
thus, 

H.As+6AgNO.+3H,0=H,AsO,+6Ag-j-6HNO,. 

Arsenious acid remains in solution and can be 

tested for. 
(B) — ^Fleitmann's Test. This is simply a modification of Marsh's 
test, but is very convenient and easily applied. It would 
not suffice in a criminal case, however. In a large, long 
test-tube, place some small fragments of Zn and solution 
of sodium hydrate. This gives rise to the formation of 
nascent H. Add the suspected liquid and place a loose 
wad of cotton in the tube a few inches above the level 
of the fluid to prevent excessive frothing. Over the 
mouth of the tube place a piece of bibulous piqper mois- 
tened by a drop of silver nitrate solution. If As is pres- 
ent, arseniuretted hydrogen will be formed. This will 
decompose the silver nitrate with the liberation of metal- 
lic Ag, which will give a purplish-black stain. The 
presence of ammonia interferes with this reaction. 

ALKALOIDS. 

Aconitine, 

Dr. Stephenson, in his testimony in the Lamson murder 
case, considered the physiological test to be the best and it 
was accepted by the Ck)urt as sufficient legal evidence. It 
consists in the development of a peculiar tingling numbness in 
the tongue and back of throat after taking the alkaloid, lasting 
for some time. 

Atropine, 

(1)— The best test is physiological, done by dropping a little of 
the suspected fluid in a cat's eye and noting the mydria- 
sis. In case of poisoning, the urine can be used for this. 
Ck>caine, unless in sufficient strength to cause anaesthesia, 
will not produce this effect. 

(2)— Add a solution of atropine to a hot mixture of sulphuric 



acid and potaflsimn bicliromate. A pleasaut, aromatic 
odor Ib developed. 

Hyoscyamine, Hyoseine. 

These are isoineric with atropine. Test (1) for atropine Is 
also the best for them. EyoBcyamms can be distinguished 
from atropine by the following iae.ins; On the addition of a 
BoIutiaQ <^ auric ciiloride, in both cases a precipitate ia formed 
which can be dissolved in boiling water acidulated with hydro- 
chloric acid. From this it is deposited, if it contains hyos- 
cyamine, in the form of brilliant, golden-yellow scales ; if 
atropine, in the form of minute crystals, forming a dull lustre- 
less powiler on drying. The so-called daturiue is simply a 
mixture of atropine and hyoHcyamine. 

Caffeine. 

Treat it with concentrated nitric acid. Evaporation leaves a 
yellow mass, which on the addition of at^ua ammoiiiao bc-comea 

Conine. 

(1) — Heated with concentrated sulphuric acid, it becomes 

brown, blood-red and then black. 
(3) — Ita odor is peculiar, resemblii^ that of the urine of mice. 

This may be intensified by rubbing it with potassa. 

Qdsemine. 

Strong sulphuric acid produces a reddish color, which when 
moderately heated, becomes purple. 

Eaerine or Phygostigmine. 

(1) — An aqueous eolution of the alkaloid or of one of its salts, 
if exposed to tbe air in the presence of [>otassium, so- 
dium or calcium hydrate, turns red, gradually changing 
to yellow, green or blue. 
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(1) — ^The physiological test consists in applying a little of the 
solution to the eye and noting the myosis. 

Morphine. 

Add to the solution a few drops of a strong neutral solution 
of ferric chloride and then a few drops c^ a solution of potas- 
sium f erricyanide. A color is developed, varying from a deep 
blue to a pale blue, according to the amount of alkaloid 
present. A very delicate test, but an excess of alkali inter- 
feres and it is prevented by acids. 

Codeine, 

If dissolved in sulphuric acid containing 1 per cent, of so- 
dium molybdate, it forms a solution having a dirty-green color 
which after a while becomes pure blue, and in a few hours 
fades to a pale yellow. 

Narcotine, 

Concentrated sulphuric acid forms with it a solution which 
soon becomes yellow, and on heating, purple. 

Nicotine, 

(1)— Becomes violet on warming with hydrochloric acid, 
(2) — Developes an orange-red color on the addition of nitric 
acid. 

Pilocarpine, 

The physiological test consists in applying a solution of it to 
the eye and noting the myosis. In this it resembles eserine 
but it could be distinguished from that alkaloid by the other 
test given under it. 

Quinine, 

Add to the solution chlorine-water and then aqua ammonlsd. 
A clear emerald-green color results, sometimes a green pre- 
cipitate. 
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Strychnine. 

(1) — Add to a few drops of cold concentrated sulphuric acid, a 
drop of the solution and then a small crystal of potas- 
sium bichromate, or of ceroso-ceric oxide. A deep blue 
color is developed, which rapidly becomes violet and 
then cherry-red. The i utter color is permanent if ceroso- 
ceric oxide is used. 

(2) — ^Another good test is the physiological, done by injecting a 
little of the solution, or of the urine in case of poisoning, 
into a small frog. This is then placed in water, in 
which its convulsive movements can be readily noticed. 

Brucine can be distinguished from strychnine by the intense 
crimson color which is developed on the addition of concen- 
trated nitric acid. This gives no color with strychnine. 

Veratrine, 

The officinal Veratrina is probably a mixture of several al- 
kaloids. If mixed with concentrated sulphuric acid, it devel- 
ops first a yellow color, soon becoming reddish-yellow, intense 
scarlet, and finally violet-red. 

Digitalin, 

This is doubtless a mixture of glucosides. No satisfactory 
chemical test could be found. In one case of poisoning by this 
drug, which occurred in France, the physiological test of its 
action on the heart was accepted as sufficient proof of its 
nature. 
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CHAPTER XL 



THE URINE. 



The urine is the chief watery excretion of the body, con- 
taining also the major portion of the nitrogenous and inorganic 
excreta. Its specific gravity varies from 1015 to 1025 in 
health ; it may have temporary extremes of 1002 or 1040, with- 
out indicating necessarily disease. Its color varies from pale- 
yellow to amber. It has a characteristic odor and salty taste. 
Its reaction is acid in man and camivora, but alkaline in herb- 
ivora. It may be alkaline or neutral in man in health. This 
acid reaction is due chiefly to the monosodic orthophosphate^ 
but also to the acid urates and hippurates. 



Eermentations. — These are two in number : 

(1) — Add, — ^This occurs only in acid urine, within a few hours 
after it has been passed. Its cause is not well under- 
stood. It gives rise to increased acidity and a deposit of 
uric acid, urates and calcium oxalate. 

(2) — Alkaline, — ^This occurs subsequent to the acid fermenta- 
tion. It may occur within the bladder in disease. It is 
due to the micrococus uress and bacterium urese, which 
cause the urea to assume two molecules of water and 
become changed into ammoniimi carbonate. This causea 
a precipitation of the earthy phosphates, ammonio-mag- 
nesium phosphate and acid ammonium urate. 



Water 

Uric acid and urates 

Hippuric acid and hippurat«a 

Kreatinine, xanthine, liypoxantbine 

Taurin, cystiii, mucus, pigment 

' Disodic and dipotassic ortiioplioBphati^. . 

Monoatidio orthophoaphate 

Calcium and magneeium orthophoaphate 

Sodium and potassium clilurides 

Sodium and potasaium BuJpliates 

les, (N and carbon dioxide) 



)9.60 



Ueba, (Nn,),CO. — The chemical characters of this have 
already beon described on page 66. It ia a crystallino solid, 
freely soluble in water and alcohol, iosolublo in ether. 

Teat. — By means of sodium hypobromite or sodium hypo- 
chlorite, the urea Ib decomposed into sodium bromide or chlo- 
ride, carbon dioxide, water and N. The latter is collected by 
displacement and measured. 0.1 gm. of uroa forms 80.8 o. C. 
of N at the ordinary temperature and pressure. 

TJRic AoiD, CiH,N.O,.— A colorless, crystalline solid, abnoet 
insoluble in water. It forms fairly soluble salts with the alkaUes. 
Its constitution is doubtful, but it is either a cyanogen com- 
pound or an amide, possibly both. It is intimately related to 
urea, and when decomposed, tliat is usually one of the pro- 
ducts. It is very abundant in tlie urine of birds and reptiles, 
but entirely absent from that of herbivora. 

Teat, — Evaporate the uric acid or urate slowly with nltrjo 
acid. Allow the yellowish-red staia thus produced to cooL 
On adding a drop of ammonia, a purpUsli-red color Is obtained. 
This is called the mm-exide test. 



HiPPDKic Acid, CaHaNOi.—The proper chemical n 



a for 
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this is benzoylamidoacetic acid. It is formed by the conju£:a' 
tion of benzoic acid and glycin or amido-acetic acid ; thus, 

CTHeOa+CaH6NOa=C»H»N08+H,0. 

It is abnost absent in the urine of carnivora, but replaces uric 
acid in that of herbivora. It is a colorless, crystalline solid, 
sparingly soluble in water. 

Creatinin, XA.NTHIN AND Sarkin oe Hypoxanthin.— These 
are crystallizable nitrogenous bodies, occurring in small quan- 
tities in the urine. They are complex ureides, having a close 
relationship to uric acid. 

The inorganic constituents of the urine are described, each 
under its proper element. 



ABNORMAL CONSTITUENTS. 

Albumin. — This is the most important proteid found in the 
urine, although paraglobulin often accompanies it, and occa- 
sionally the derived albumins. The following are the more 
reliable tests for it : 

(1)— Fill an ordinary test-tube nearly full with urine. Unless 
this is distinctly a<:id, add a few drops of acetic acid 
until it is. Boil the upper part of the liquid in the tube. 
If albumin is present, it will form a white precipitate, 
varying in thickness according to the amount of albumin 
present. This precipitate may be due to the earthy 
phosphates. If it is, the addition of a few drops of nitric 
acid will cause it to disappear, while it only intensifies 
that due to albumin. 

(2) — Heller's test. Fill a test-tube with urine for 1—2 inches. 
Allow nitric acid to nm gently down the side of the 
tube, or introduce it near the bottom by means of a long 
pipette. The nitric acid, owing to its greater specific 
gravity, sinks to the bottom. If albumin is present, be- 
tween the two fluids appears in a few moments a clear 
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diatisot 'white band, varying in thickness and intensitf 
according to the amount of alhuinin present. Urates 
&1bo give a white band, but this is leas defined and mare 
diffused. It occurs higher in tho urine and is dissipated 
oa warming. This test is much less dehcate than (I). 

(8)— Picric acid. Pour a saturated solution of picric acid, con- 
taining a little citric acid, on 3 — i inches of urine in a 
teet-tube. If albumin ia present, an opacity is produced 
at the junction of tho two fluids, which is increased on 
heating. Urates, peptones, quinine, morphine and other 
vegetable alkaloids give a similar turbidity, but this dia- 
appears on the application of heat. According to Stew- 
art, this is twice as delicate as (1). It is less reliable. 

(4) — No very accurate and convenient method of estimating 
Urn quantity of albumen has yet been devised, A sim- 
ple method and one fairly accurate for comparative 
observation is as follows : Use a graduated test-tube, 
filled each time to the same point, and precipitate the 
albumen, by means of (1), Let it stand for 24 hours and 
then note the quantity of precipitate. This gives but a 
vague idea of the act^ial amount of anhydrous albumin 
present, but it indicates very fairly the comparative 
amount from day to day in an individual case. 
A number of other tests are used, but these are the best and 

most convenient. 

PiCPTONBS. — These occur chiefly as peptone proper, but occa- 
sionally as pro-peptone. Tho following ia a good test : Pre- 
cipitate the albumin as in test(l>, page 13S, and filter. Add a 
solution of soda or potassa to the filtrate until strougly alkaline- 
Then a trace of oupric sulphate develops a pink color if pep- 
tones are present. This is called the biuret reaction. 

KuoAR. — Inoaite, dextrin, levulose and lactose have been 

noticed in the urine, but the only carbohydrate of imports 

found there is dextrose, called commonly glucose. 

For its characters see page 110. The tests used for it are 




{ 
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very numerous. Most of them depend upon its reducing 
power, which is marked, and hence other reducing agents, 
especially uric acid and urates, may give the same reactions. 
Only a few of the best can be given. 

(1) — Nylander's test. Dissolve 2 gm. of bismuth subnitrate 
and 4 gm. of Eochelle salt in 100 c. c. of 8 per cent, 
solution of sodium hydrate. Mix equal parts of the re- 
agent and the urine in a test-tube and boil the upper layers 
for several minutes. If sugar is present, a black precipitate 
of metallic Bi is formed. Nylander's is not so apt to be 
affected as Fehling's solution by other reducing agents. 

(2) — ^Fehling's Test. This is an alkaline solution of potassio- 
cupric tartrate, composed as follows : 

Cupric sulphate 69.28 grammes. 

Rochellesalt 250. " 

Causticsoda 100. " 

Water, up to 2 litres. 

Each c. c. of this mixtures represents .005 grammes of 
anhydrous dextrose and will be decolorized by that. It 
is best to keep it in two solutions, one containing the 
cupric sulphate in 1 litre of water, and the other con- 
taining the Rochelle salt and soda in the other litre of 
water. Mix equal quantities at the moment of using. 
Put about 1 c. c. of the reagent with 3 or 4 of water in 
a test-tube and boil. This is to determine if the reagent 
has become decomposed. If no precipitate occurs, add 
the mine drop by drop, boiling at intervals. If sugar is 
present, a yellow or red precipitate of cuprous oxide is 
produced. This test may be used quantitatively by not- 
ing the amount of urine it takes to decolorize 20 c. c. of 
the reagent. This represents .1 grarome of dextrose. 

(3) — ^Fermentation Test. — ^This depends upon the conversion of 
dextrose into carbon dioxide and alcohol through the 
action of the yeast plant (see page 102). Place about 100 
c. c. of the urine in a loosely corked bottle with a small 
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lump of jeaet. Put the bottle in a warm placo. After 
twenty-four hours, note the specific gravity of the urine 
and that of a control specimen kept in a cool place. 
Any loBs will indicate the presence of sugar. The quan- 
tity is approximately indicated by tho nuniber of de- 
grees lost, each degree representing one grain, of dex- 
trose i)er ounce. 
There are a large number of other testa used hut these are 
sufficient and satisfactory. 

Bile, — This may occur in the urine in the form of the bile- 
salts or Mle-pigraents or both. If the hile-pigments are pree- 
ent, tho urine is colored a smoky reddish-brown color. The 
best test fur them ia 

(I)— Gmelin'a Test.— In a test-tube put 2 — i c. c. of the urine. 
Let 1—3 c. c. of nitroso-nitric acid run down tho aide ot 
the tube and rest on the bottom, floating up the urine on 
t«p. A play of colors ia produced between the two 
fluids, beginning al)oye w^th the brownish urine and 
running through green, blue, Tiolet, red and yellow, 
(8) — For the bile-salts, Pettenkofer's test is classical but of no 
practical value on account of the difficulty of applicEt- 
Mon. Hay's teat*, if time proves its reliability, will be 
very satisfactory on account of the ease with which it 
can be done and its extreme delicacy. It depends upon 
the fact that the bile-salta lower the surf ace-tension of tho 
liquid in which they are dissolved. It is done by sprink- 
ling Home powdered sulphur on the surface of the liquid 
and noting how soon it BinkB. In normal urine it will 
remain on the surface for a week or longer, If the bile- 
salts are present in tho proportion of 1 to 130,000, the 
BulphurwiD sink, though very slowly. In the proportion 
of 1 to 10,000 it will be precipitated in a few minutes. 
For the other abnormal constituents of the urine, the special 
works of reference on this subject must be consulted. 
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CHAPTER XII. 

CHEMICAL THEORIES. 

THE ATOMIC THEORY. 

In the beginning of this century, Dalton announced two 
laws governing chemical compounds which are as follows : 

1 — The law of Definite Proportions, 

Every chemical compound always contains the same constit* 
uents in the same proportion by weight, 

2 — The Law of Multiple Proportions, 

If ttoo substances, A and B, form several compounds toith 
each other and we consider anyjioced toeight of A, then the dif- 
ferent weights o/B, which conibine vyith this fixed toeight of A, 
bear a simple ratio wi^ each other. 

These laws have been confirmed by all investigations since 
his time. The first one requires no explanation, but the Law 
of Multiple Proportions is more obscure. Let us consider the 
oxides of nitrogen. There are five of these. If we analyze 
them we find each of them contains 28 parts, by weight, of ni- 
trogen. Of oxygen the first one contains 16 parts by weight, 
the second 32, the third 48, the fourth 64, and the fifth 80. If 
we examine these weights of oxygen we find they bear the 
simple relation of 1, 2, 3, 4 and 5. 

Upon these two laws is founded the atomic theory. In this 
theory all matter is supposed to be composed of minute indi- 
visible atoms. These atoms entire enter into chemical combi- 
nation. The atoms of each element have a fixed weight, known 
as the atomic weight of that element. As we are not able to 
weigh them directly nor to express their weight in terms refer- 
able to the earth's mass, we assign them comparative weights. 
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me standard being tbe lightest substance known, hydrogen. 
This is taken as uuitj. 

These atoma do not exist free but are held together by chem- 
ical affinity to form molectilea. This is as true of elementiiry 
as of compotind bodies with three exceptions. These are cad- 
mium, mercury and zinc, whose atoma do not unite with each 
other when the element is in the gaseous state. Under ordi' 
nary circumstances the atoms of all the other elements form 
molecules composed of two atoms each, with two exceptions. 
These ore phosphorus and areenic, whose molecules are com- 
posed of four atoms each. 

The determination of these atomic weights is often a matter 
of great difficulty. We can readily find the percentage com- 
position of a compound, but it is yet hard to decide how many 
atoms of each element compose it. The methods are briefly 
1 as follows : 



(1)— Take the simplest case, that of hydrochloric acid. Tho 
proportion of H is 1, of CI is 38.5. We are able by chem- 
ical means to displace the whole of the E and only the 
whole, not one-half or any otherpart ; similarly with tbo 
CL We therefore conclude that they are united atom 
to atom. Taking the at«mic weight of H as unity, then 
that of CI will be 35.5, We find a similar compound of 
Na and 01. This contains 35.5 parfa of CI and 28 of Na. 
Hence we conclude that the atomic weight of Na is 33. 
This method is only applicable to a few elements. 

(2) — By substitution.— The composition of methane is 3 parts of 
C to 1 of H. We can act upon methane with CI four 
euccesaive times ; each time the same amount of H will 
be displaced by the same amount of CI, and each time 
a new compound will bo found. We can only do tliie 
four times, and hence we conclude that methane con- 
tains four atoms of H. That being the case, the atomic 
weight of C must be 13. This is only applicable to a few 
elements. 

(8) — Avogiidro's /jno.— Tliis in a hypothetical HtitPiiiont, lumed 
upon the i>Jiyuica1 prupertit'S of gaec-s. It is us luUuws . 
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All gases under similar circumstances contain the same 
number of molecules in the sams volume. 

It is borne out by all facts, physical and chemical, and 
we can accept it as proved. As a result of this law, it 
must be held that the ratio of the molecular weights of 
all gases to their specific gravities is the same. For the 
molecular weight is simply the comparative weight of 
the molecules of the element and of the standard, and 
the specific gravity is the comparative weight of equal 
volumes of the gas and the standard. If the molecules 
of one gas weigh twice as much as those of another, 
then if this law is correct, its specific gravity will also 
be twice as great. But that will make the ratio the 
same in both cases, q. e. d. 

Take H as an example. Its specific gravity compared 
to air is .06826, and its molecular weight of course is 2, 
for it is the standard. The ratio is 28.88 and this num- 
ber represents the ratio of the molecular weight of each 
and every element to its specific gravity. Representing 
the molecular weight by w and the specific gravity by d, 
then 

W7=dx28.8a 

This is only applicable to a few elements directly, as 
but few can be converted into gases. A large number 
of compounds, however, can be used, and from these the 
atomic weights of many other elements have been deter- 
mined. 

(4) ^Specific Heat. — This is the. amount of heat necessary to 
raise a given weight of a substance 1^ C. as compared 
with the amount necessary to raise the same weight of 
the standard, water, 1*^ C. Dulong and Petit discovered 
the following law in relation to it : 

The product of the atomic umght of an element by its 
specific heat is always a constant quantity : or The atoms 
of all elements have exactly the same capacity for heat. 



149 

"niUBthe atomic weight of As ielS and its specific heat 
18.0814. The ratio of these two numbera .h 6.1. If the 
preceding ^w 19 correct, this ratio, called the atomic 
beat, is constant for all elements. Hence it is only nec- 
essary to determine it once. HttTing it, we can easily 
calculate the atomic weight if we know the specific heat. 
For if we designate the atomic weight by A and the, 
epeciflc heat by H, then 

This method is especially applicable to tiolida. 
(5) — Isomorpttism. — Thia la not of much value but occoaion- 
aliy proves of service. Thus the only oxide ot Al con- 
tains 54 parts by weight of Al and 43 of 0. This gives 
OB no cine as to the number of atoms of each present. 
We find however that it is isomorphous with ferric ox- 
ide and also forms many salts isomorphous with those of 
ferric oxide. Also a crystal of aluminium-alum will 
grow perfectly well in a solution of iron-alum. We 
know the composition of ferric oxide to be FeiOi and 
thence we infer that of aluminium oxide to he AliOi. 
That being tlie case, it gives an atomic weight to Al 
of 37, and to O of 16. 



By the f«rni valetux or atomicity is meant the satorating 
power of an element. It has already been discussed to some 
extent in Chapter YIl. There it must bo noticed that the 
number of bonds which an element possesses, variea when in 
combination, even with the same element. Compare the vari- 
ous acids of S given. In hydroaulphuric it is dyad, in sulphu- 
rous tetrad,' in sulphuric hexad. This varying valence of 
elements is one of the most puzzling facts to account for. All 
ttie elements partake of it unless we except H, which always 
Beems to be univalent. Tlie valence decreases with the iu- 
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crea£» of temperature. Thus phosphorus pentachlpride, PCU, 
when heated to a point sufficient to vaporize it, is decomposed 
into PCla and CU. This is also true of ammonium chloride, 
NH4CI, which breaks up int NHj and HCl. When these are 
lowered to the ordinary temperature, they unite again, form- 
ing PC1» or NH4 CI. There have been many suppositions 
offered to explain this varying valence. Among the best are 
the following : 

(1) — It has been suggested that all the combining bonds of an 
element are not of the same character, and some even 
number of them are feebler than the others. If this were 
the case, it should occasion some physical differences in 
a single compound, such as NH4CI, whether the Gl was 
attached to an ordinary bond or to one of the weaker 
ones. This is certainly not the case in most elements. 
In the case of N and S, it seems more plausible. 

(2) — It may be that all of the bonds are of the same kind, but 
that the total affinity is the same. In that case the 
compounds having fewer molecules would be the more 
stable, providing the total affinity was saturated. For 
to spread the total affinity over five bonds for example, 
would make each one weaker than when it was spread 
over three only. 

(3) — It has been suggested that the bonds of an element may 
saturate each other, in that way neutralizing each other. 
This seems plausible, for with very few exceptions, the 
valence varies by an even number of bonds. 

(4) — In some compounds it seems to be that atoms of the same 
element may aid in saturating each other. Thus hydro- 
gen peroxide can be written H — O — O — H. This is appar- 
ently the case in the mercury, copper and aluminium 
compounds as shown on page 56. 

CHEMICAL AFFINITT. 

The nature of this is very imperfectly known. It is to some 
extent comparative, for an element often has a marked affinity 
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for Eome and none at all for othera, Thua H comliinea ener- 
geticaily with CI but tiot at all with Cr ; F unitea readily with 
&i but not at all with O. 

It does not depend at all upon the number of bonds an ele- 
ment poBsoBses. CI, which is a monad, has a moro powerful 
affinity for H than C, which ia n tetrad. Nor doea it depend 
on the basicity of an acid, for according to Eemsen hydro- 
chloric and nitric acids, which are monobasic, hare a much 
greater aridity for combination than Bulphuric, which is bibaaio, 
or hydrofluoric, which is also monobasic. Thia avidity of ele- 
ments and acids however ia often disturbed by two circum- 



(1) — If by the union of liquids or soUds a gas can be formed, 
this will happen usually, irrespective of the affinities of 
the different elementa. Thus if we add sulphuric acid 
to a nitrate or chlorate and apply heat, the Bulphurio 
acid will displace those acida although weal(er than they. 
For they are gases and volatilize as fast aa formed, 

(8) — If by the union of liquids or of subatancea in solution, a 
solid or an insoluble substance can be produced, this 
will usually occur, CI has a greater affinity for Na than 
for Pb. But if we add a soluble lead-salt to a solution of 
sodium chloride, a precipitate of lead chloride is formed 
owing to its solubility being much less than either of 
the othera. 
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TABLE OF METRIC WEIGHTS AND MEASURES. 

Measures of Length, 



1 millimeter 


= 0.001 meter = 0.0394 inch. 




1 centimeter 


= 0.01 meter = 0.8937 inch. 




1 decimeter 


= 0.1 meter = 8.9371 inches. 




1 meter 


= 89.8708 inches. 




1 decameter 


= 10 meters = 32.8089 feet. 




1 hectometer 


= 100 meters = 828.089 feet. 




1 kilometer 


= 1000 meters = 0.6214 mile. 

• 

Measures of capacity. 




1 milliliter = 


1 C.C. = 0.001 Uter = 0.0021 U. S. 


.pint. 


1 centiliter - 


= lOcc. = 0.01 Uter = 0.0211 U.S. 


pint. 


1 deciliter = 


: lOOcc. - 0.1 Uter - 0.2113 U.S. 


pint. 


lUter 


= 1000c.c. = = 1.0567 U.S. 


. qt. 


1 decaliter 


= 10 Utres = 2.6418 U.S. 


galls. 


1 hectoliter 


= 100 Utres = 26.418 U.S. 


galls. 


1 kiloliter 


= 1000 Utres =264.18 U.S. 
WeighU. 


galls. 


1 milligram 


= 0,001 gram = 0.016 grain Troy, 




1 centigram 


Q,01 gram — 0.154 grain Troy. 




1 decigram 


— 0.1 gram = 1.543 grain Troy. 




1 gram 


= 15.432 grains Troy. 




1 decagram 


= 10 grams = 154.324 grains Troy. 




1 hectogram 


— 100 grams — 0.268 pound Troy. 




1 kilogram 


= 1000 grams = 2.679 ponnds Troy. 
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A — ^To convert degrees F. into degrees C. — ^The following for- 
mula is all that is necessary, the signs being carefully con^ 
sidered. 

(F-32)l=a 
EoBamjples, 

(1)— Convert 60*^ F. to degrees 0. 

50-32=18; 18X-|=100 0. 
(2)— Convert —13*^ F. to degrees C. 

-13-32=-45 ;-45x-g-=-25'^0. 

B — ^To convert degrees C. to degrees F, 

(CX?)+82=F. 
Examplea, 

(l)-_Convert 40*» C. to degrees F. 

40Xg=72 : 72+32=104« F. 
(2)— Convert — 10<* C. to degrees F. 

-10x|= -18 ; -18-1-32= +14^ F, 
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Ammoniimu alcoholic, 100 

compounds of, 65 
test for, 34 
Amorphous, 49 
Amyloses, 110, 118 
Analysis, biological, 86 

elementary or ultimate, 47 

proximate, 47 
Anhydride, definition of, 45 
Aniline, 116 
Anthracene, 114 
Anthracite, 11 
Antimony, 91 

compounds of, 91 
tests for, 129 
Apatite, 67 
Aqua ammoniaB, 65 
Aqua regia, 88 
Aromatic compounds, characters 

of, 113 
Arsenic, 92 

compounds of, 98 

tests for, 180 
Asbestos, 69 

Atmosphere, composition of, 88 
sources of pollution 
of, 44 
Atomicity, 49, 52, 145 
Atropine, test for, 188 
Ayogadro's law, 148 
Baking-powders, 61 
Barium, 66 

compounds of, 68 

test for, 124 
Base, definition of, 46 
Bases, 53 
Basicity. 58 
Beer, 103 
Benzene, 97, 114 
Benzol, 97, 114 
Bile, in urine, 141 
Bile-pigments, test for, 141 
Bile-salts, test for, 141 
Bismuth, 90 

compounds of, 90 
tests for, 129 
Black-wash, 77 
Boron, 85 
Borax, 68 
Brandy, 104 
Brass, 74 
Braunite, 86 
Bromine, 16 
Bromoform, 107 
Bronze, 74 
Cadmium, 71 

compounds of, 78 
Caesium, 64 
Caffeine, test for, 133 
Calcium, 67 

compounds of, 67 

test for, 35, 124 



Calamine, 70 
Calomel, 75 
Cane-sugar, 112 
Carbamide, 65 
Oarbinol. 101 
Carbohydrates, 110 
Carbon, 10 

compounds of. 11 
Carbon dioxide, test for, 86 
Carbonates, test for, 122 
Cellulose. 118 
Cement, hydraulic, 68 
Cerusite. 72 
Charcoal, 11 
Chemical affinity, 146 
Chlorine, 14 

compounds of, 14 
test for 8^ 
Chloroform, 107 
Chromates. test for, 188 
Ciirome-yellow, 72 
Chromium, 87 

compounds of, 87 
test for, 128 
Coal-gas, 18 
Cobalt, 85 

Codeine, test for, 184 
Collodion, 118 
Compound ether, 96 
Condy's Fluids, 87 
Conine, 118 

test for, 138 
Copper, 78 

compounds of, 74 

test for, 125 
Copperas, 85 
Corrosiye sublimate, 78 
Creatinhi, 138 
Cyanides, test for, 128 
Cyanogen. 18 
IHIton^s laws, 142 
Deliqueaoent, 49 
Dextrin, 118 
Dextrose, 110 

tests for, in urine, 140 
Diamond, 10 
Dimorphous, 49 
Dolomite, 69 

Double decomposition. 50 
Bulong & Petit's law, 144 
Dynamite, 108 
Earthenware, 81 
Efflorescent, 49 
Elements, list of, 1 
Epsom salt, 69, 70 
Ervthrite. 109 
Ethene, 12 
Ether, compound, 98 

ethylio or sulphuric, 104 

haloid, 98 

oxygen, 96 

sulphur, 99 



EUiTllHnzene, 114 




F»ls, 107 


Javelle water, is 


irelapBr,«3 


Ketona, es 


Fermentation, methods for pre- 


Labarraque's aolution, 15 


vention of. 121 


LBclose, ua 


product* of. 103 


Laser. lOS 


r^eties of ,'lSO 




Lead, ra 


FermflMi, oUssu of. ISO 




nnorine, 17 


t^uTor, llf ■ 




Lead -plaster, Ti 


FotTnoIa. emplrioal. 47 


LevuluM, lis 
Lime. 07 


s:ffi5i;;« 


tlSS'S 


„„i^.SaS;.'i 


load-iloiie. 83 




Galena. 72 




Gan-tBrboB, 11 


Magneslte.fie' 


OeUemine, tost for, 133 




Gin. 101 










G,„jl''» 




compounds of, 88 




tests^or, 123 


GlJSSj.lOO 


Mee[Sl^.B9 


SiTS-'- 


Mercaptan, W 
Mercury. "5 


oompounilB of, 89 


teetsfor, ise 
UetaiB, nlkaline, K 


Gn^m^io"' ^'* 


Green, Paris nr Sohwelnfurt, 93 


HetalB, propertieB o(,58 
Metals of iKe alkaline eartbi. 


Grooad-nater" m 




Gums, 118 


MeSaue,'"' 




Si'CtS*" 






Morpbine.testtor.lU 


isirsi,rr"-"-» 


MaI™ttao.to'Btfor, IM 




Nessler re«<renl, 77 






Hydrooarljon.ar 


Jfl^tlne, teat for. 134 


Hydrogen, 8 


NitroBBn,8 


compounds of, 8 


compounds ot, 9 




Nitroglycerine, 108 


Hyo«KiB. test tnr. 183 






E" 


01elo.I07 


OleBalntgu.!! 


organic oniDpouDds, olBMtSoa 


Iodine and Tudidea, teat for, 123 




Iodoform, IttT 


' properties of. M 


Iron,8« 


Organic matter, test tor. M 


eompoundaof. 81 




dialfaed, 84 




teirts f"r. IK 




Isomerlsin, 48 


OiyKen. 3 




Oxygen ether. W 
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Oxygen, in combination in plants 

and animals, 8 
Oxides, 4, 52 
Ozone, 5 
PalmiUn, 107 
Peptones, 119 

test for, in urine, 189 
Phenol, 115 
Phenylamine, 116 
Fhlorogluoin, 116 
Phosphate, acid, super or solu- 
ble, 68 
Phosphate, reverted, 68 
Phosphorus, 23 

acids of, 95 
compounds of, 24 
test for, 123 
Pilocarpine, test for, 184 
Plaster of Paris. 68 
Platinum, 95 

compounds of, 96 
Plumbism, chronic, 78 
Polymerism. 48 
Porcelain, 81 
Potassium, 50 

compounds of, 60 
tests for, 124 
Proteids, 118 

classification of, 110 
tests for, 119 
Pyrolnsite, B7 
Pyrocatechin, 116 
Pyrofirallol, 115 
Quinine, test for, 1S4 
Badicali simple, 47 

compound, 47 
Realgar, 94 
Resoroin, 115 
Rubidium, 64 
Rum, 104 
Rust. 85 

Saccharoses, 110, 112 
Salts, definition of, 46 

graphic f ormulsB of, 64 
Salts of Mercury and Copper, gra- 
phic f ormuliB of, 66 
Salts of the Iron group, graphic 

formulas of, 67 
Sarkin, 138 
Selenite, 67 
Selenium, 22 
Series, homologous. 48 

isologous, 49 
Silicon, 22 

compounds of, 28 
Silver, 78 

compounds of, 79 
test for, 127 
Soaps, 108 
Socuum, 62 

compounds of, 6S 
test for, 124 



Spartekie, 118 
Specific heat. 144 
Starch, 112 
Starches, 110, 112 
Steatite, 69 
Stearin, 107 
Steel, 88 
Stoneware, 81 
Strontium, 67 
Strychnine, test for, 185 
Sugars, 110, 112 

in urine, 139 
Sulphates, test for, 128 
Sulphur, 19 

acids of, 20 
compounds of, 19 
Sulphur ether, 99 
Sulphuretted hydrogen, 19 
Talc, 69 

Tartar-emetic, 92, 109 
Tannins. 117 
Tellurium, 22 
Tin, 89 

compounds of, 89 
Toluene, 114 
Turpeth mineral, 78 
Type metal, 91 
Urea, 65 

test for, 187 
Urine, 136 

composition of, 137 
fermentations of, 186 
Valence. 52, 145 
VentiUtion, 48 
Veratrine, test for, 186 
Vitriol, blue, 74 
green, 86 
white 71 
Whiskey, 108 
Wine. 104 
Wollastonite, 67 
Water, 26 
Waters, mineral, 30 

atmospheric, 27 

classification of natural, 26 

detection of impurities 
in, 88 

ground, 28 

pond, lake and river, 29 

salt, 80 

sources and effects of im* 
pu.itiesin, 82 

spring, 27 

well, 29 
Xanthln, 188 
Xylene. 114 
Zmc, 70 

compounds of, 71 
test for, 125 
Zinc-blende, 70 
Zincite, 71 
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"An excellent Series of Manuals." — Archives of Gynmcol^y, 

A NEW SERIES OF 

STUDENTS' MANUALS 

On the various Branches of Medicine and Surgery. 

Can be used by Students of any College. 

Price of each. Handsome Cloth, $3.00. Full Leather, $3.60. 

The object of this series is to furnish good manuals 
for the medical student, that will strike the medium 
between the compend on one hand and the prolix text- 
book on the other — to contain all that is necessary for 
the student, without embarrassing him with a flood of 
theory and involved statements. They have been pre- 
pared by well-known men, who have had large experience 
as teachers and writers, and who are, therefore, well 
informed as to the needs of the student. 

Their mechanical execution is of the best — ^good type 
and paper, handsomely illustrated whenever illustrations 
are of use, and strongly bound in uniform style. 

Each book is sold separately at a remarkably low 
price, and the immediate success of several of the 
volumes shows that the series has met with popular 
favor. 

No. 1. SURGERY. 318 Illustrations. 

Third Edition. 

A Manual of the Practice of Surgery. By Wm. J. 

Walsham, M.D., Asst. Surg, to, and Demonstrator of 

Surg, in, St. Bartholomew's Hospital, London, etc. 

318 Illustrations. 

Presents the introductory facts in Surgery in clear, precise 
language, and contains all the latest advances in Pathology, 
Antiseptics, etc. 

" It aims to occupy a position midway between the pretentious 
manual and the cumbersome System of Surgery, and its general 
character may be summed up in one word — ^practical." — The Medi- 
cal Bulletin. 

** Walsham, besides being an excellent suxgeon, is a teacher in 
its best sense^ and having had very great experience in the 
preparation of candidates for examination, and their subsequent 
professionad career, may be relied upon to have carried out his 
work successfully. Without following out in detail his arrange- 
ment, which is excellent, we can at once say that his book is an 
embodiment of modem ideas neatly strung together, with an amount 
of caueful organization well suited to the candidate, and, indeed, to 
the practitioner." — British Medical JoumaL 

Price of each Book, Cloth, $3.00; Leathor, $3.10. 
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No. a. DISHASE8 OP -WOMEN. 150 nius. 

NEW EDITION. 

The Diseases of Women. Including Diseases of the 
Bladder and Urethra. By Dr. F. Wjnckel, Professor 
of Gynecology and Director of the Royal University 
Clinic for Women, in Munich. Second Edition. Re- 
vised and Edited by TbeopbiluB Parvin, M.D., 
Professor of Obstetrics and Diseases of Women and 
Children in Jefferson Medical College. 150 Engrnv- 
st of which are original. 






physici; 



Mtdicalar 



id Svrgunt Journal. 

No. 3. OBSTETRICS. 227 niuatrationB. 

A Manual of Midwifeiy. By Alpked Lewis Galabin, 
u, A., M.D., Obstetric Physician and Lecturer on Mid- 
wifery and the Diseases of Women at Guy's HosfHtal, 
London; Eiaminet in Midwifery to the Conjoint 
Examining Board of England, etc. With 227 lUus, 
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No. 4. PKYSIOLOGT. Fifth Edition. 

311 ILLUSTRATIONS AND A GLOSSARY. 

A Manual of Physiology. By Gerald F. Yeo, m.d., 
F.R.cs., Professor of Physiology in King's College, 
X-ondoD. 321 Illustrations and a Glossary of Terms, 
Fifth American from last English Edition, revised and 
improved. 758 pages. 
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No. 6. DISEASES OF OHILDKEN. 

SECOND EDITION. 

A Manual. By J. F. Goodhart, m.d., Phys. to the 
Evelina Hospital for Children; Asst. Phys. to 
Guy's Hospital, London. Second American Edition. 
Edited and Rearranged by Louis Starr, m.d., Clinical 
Prof, of Dis. of Children in the Hospital of the Univ. 
of Pennsylvania, and Physician to the Children's Hos- 
pital, Phila. Containing many new Prescriptions, a list 
of over 50 Formulae, conforming to the U. S. Pharma- 
copoeia, and Directions for malcing Artificial Human 
Milk, for the Artificial Digestion of Milk, etc. Illus. 

" The merits of the book are many. Aside from the praiseworthy 
work of the printer and binder, which gives us a pnnt and page 
that delights the eye, there is the added charm of a style of writ- 
ing that is not wearisome, that makes its statements clearly and 
forcibly, and that knows when to stop when it has said enough. 
The insertion of typical temperature charts certainly enhances the 
value of the book. It is rare, too, to find in any text-book so many 
topics treated of. All the rarer and out-of-the-way diseases are 
given consideration. This we commend. It makes the work 
valuable." — Archives o/PedriaticStJuly, iSqo. 

" The author has avoided the not uncommon error of writing a 
book on general medicine and labeling it ' Diseases of Children,' 
but has steadily kept in view the diseases which seemed to be 
incidental to childhood, or such points in disease as appear to be so 
peculiar to or pronounced in children as to justify insistence upon 
them. * * * A safe and reliable guide, ana in many ways 
admirably adapted to the wants of the student and practitioner." — 
American Journal qf Medical Science. 

"Thoroughly individual, original and earnest, the work evi- 
dently of a close observer and an independent thinker, this book, 
though small, as a handbook or compendium is by no means made 
up of bare outlines or standard facts." — T7u Therapeutic Go- 
Mtite. 

" As it is said of some men, so it mieht be said of some books, 
that they are 'bom to greatness.' This new volume has, we 
bdieve, a mission, particularly in the hands of the younger 
members of the profession. In these days of prolixity in medical 
literature, it is refreshing to meet with an author who Knows both 
what to say and when he has said it. The work of Dr. Goodhart 
(admirably conformed, by Dr. Starr, to meet American require- 
ments) b the nearest approach to clinical teaching without the 
actual presence of clinical material that we have yet seen." — Niew 
York Medical Record, 

Prioe of MCh Book, Cloth, $8.00 ; Leather, $8.60. 
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No. 6. PRACTICAL THBRAPEUnOS. 

FOURTH EDITION, WITH AN INDEX OP DISEASES. 

Practical Therapeutics, considered with reference to 
Articles of the Materia Medica. Containing, also, an 
Index of Diseases, with a list of the Medicines 
applicable as Remedies. By Edward John Waring, 
M.D., F.R.c.P. Fourth Edition. Rewritten and Re- 
vised by Dudley W. Buxton, m.d., Asst. to the Prof, 
of Medicine at University College Hospital. 

** We wish a copy could be put in the hands of every Student or 
Practitioner in the country. In our estimation, it is the best book 
of the kind ever written. '—JV. V. Medical Journal. 

" Dr. Waring's Therapeutics has long been known as one of the 
most thorough and valuable of medical works. The amount of 
actual intellectual labor it represents is immense. . . . An in- 
dex of diseases, with the remedies appropriate for their treatment, 
closes the volume." — Boston Medical and Surgical Reporter. 

" The plan of this work b an admirable one, and one well calcu- 
lated to meet the wants of busy practitioners. There is a remark- 
able amount of information, accompanied with judicious comments, 
imparted in a concise yet agreeable style." — Medical Record. 

No. 7. MEDIO AL JURISPRUDENCE AND 

TOXIOOLOO-Y. 

THIRD REVISED EDITION. 

By John J. Reese, m.d., Professor of Medical Jurispru- 
dence and Toxicology in the University of Pennsyl- 
vania ; President of the Medical Jurisprudence Society 
of Phila. ; Third Edition, Revised and Enlarged. 

** This admirable text-book." — Amer.Jour. o/ Med. Sciences. 

" We lay this volume aside, after a careful perusal of its pages, 
with the profound impression that it should be in the hands of every 

doctor and lawyer. It fully meets the wants of all students 

He has succeeded in admirably condensing into a handy volume all 
the essential points." — Cincinnati Lancet and Clinic. 

*' The book before us will, we think, be found to answer the ex- 
pectations of the student or practitioner seeking a manual of juris- 
prudence, and the call for a second edition is a flattering testimony 
to the value of the author's present eflFort. The medical portion 
of this volume seems to be uniformly excellent^ leaving little for 
adverse criticism. The information on the subject matter treated 
has been carefully compiled, in accordance with recent knowledge. 
The toxicological portion appears specially excellent. Of that por- 
tion of the work treating of the legal relations of the practitioner 
and medical witness, we can express a generally favorable ytx- 
diet."— Physician and Surgeon, Ann Arbor^ Mich. 

Price of each Book, Cloth, $3,00 ; Leather, $3.60. 



6 STUDENTS' TEXT-BOOKS AND MANUALS. 

ANATOMY. 

Macalister's Human Anatomy. 8x6 Illustrations. A new 
Text-book for Students and Practitioners, Systematic and Topo- 
graphical, including the Embryology, Histology and Morphology 
of Man. With special reference to the requirements of 
Practical Surgery and Medicine. With 8i6 Illustrations, 
400 of which are original. Octavo. Cloth, 7.50; Leather, 8.50 

Ballou*s Veterinary Anatomy and Physiology. Illustrated. 
By Wm. R. Ballou, m.d.. Professor of Equine Anatomy at New 
York College of Veterinary Surgeons. 29 graphic Illustrations, 
zamo. Cloth, 1. 00; Interleaved for notes, z. 25 

Holden's Anatomy. A manual of Dissection of the Human 

Body. Fifth Edition. Enlarged, with Marginal References and 

over 300 Illustrations. Octavo. 

Bound in Oilcloth, for the Dissecting Room, $4.50. 

" No student of Anatomy can take up this book without beine 
pleased and instructed. Its Diagrams are original, striking and 
suggestive, giving more at a glance than pages of text description. 
♦ ♦ * The text matches the illustrations in directness of prac- 
tical application and clearness of detail." — New York Medical 
Record. 

Holden's Human Osteology. Comprising a Description of the 
Bones, with Colored Delineations of the Attachments of the 
Muscles. The General and Microscopical Structure of Bone and 
its Development. With Lithographic Plates and Numerous Illus- 
trations. Seventh Edition. 8vo. Cloth, 6.00 

Holden's Landmarks, Medical and Suigical. 4th ed. Clo., z.35 

Heath's Practical Anatomy. Sixth London Edition. 34 Col- 
ored Plates, and nearly 300 other Illustrations. Cloth, 5.00 

Potter's Compend of Anatomy. Fifth Edition. Enlarged. 
z6 Lithographic Plates. ZZ7 Illustrations. See Page 14. 

Cloth, z.oo; Interleaved for Notes, z.a5 

CHEMISTRY. 

Hartley's Medical Chemistry. Second Edition. A text-book 
prepared specially for Medical, Pharmaceutical and Dental Stu- 
dents. With 50 Illustrations, Plate of Absorption Spectra and 
Glossary of Chemical Terms. Revised and Enlarged. Cloth, 3 . 50 

Trimble. Practical and Analytical Chemistry. A Course m 
Chemical Analysis, by Henry Trimble, Prof, of Analytical Chem- 
istry in the Phila. College of Pharmacy. Illustrated. Third 
Edition. 8vo. aoth,z.5o 

' See pages 2 to sf»r ^* ofSttUUnU Manual*, 



STUDENTS' TEXT-BOOKS AND MANUALS. 7 

Chemisiry : — Continued, 

Bloxam's Chemistry, Inorganic and Organic, with Experimentt. 
Seventh Edition. Enlarged and Rewritten. aSx Illustrations. 

Cloth, 4.50 ; Leather, 5.50 

Richter's Inorganic Chemistry. A text-book for Students. 
Third American, from Fifth German Edition. Translated by 
Prof. Edgar F. Smith, ph.d. 89 Wood Engravings and Colored 
Plate of Spectra. Cloth, 2.00 

Richter's Organic Chemistry, or Chemistry of the Carbon 
Compounds. Illustrated. Second Edition. Cloth, 4.50 

Symonds. Manual of Chemistry, for the special use of Medi- 
cal Students. By Bkandreth Symonds, a.m., m.d., Asst. 
Physician Roosevelt Hospital, Out- Patient Department ; Attend- 
ing Physician Northwestern Dispensary, New York. lamo. 

Cloth, 2.00; Interleaved for Notes, a.40 

Lefifmann's Compend of Chemistry. Inorganic and Organic. 

Including Urinary Analysis. Third Edition. Revised. 

Cloth, 1.00; Interleaved for Notes, 1.25 

Leffmann and Beam. Progressive Exercises in Practical 
Chemistry. i2mo. Illustrated. Cloth, i.oo 

Muter. Practical and Analytical Chemistry. Fourth Edi- 
tion. Revised, to meet the requirements of American Medical 
Colleges, by Prof. C. C. Hamilton. Illustrated. Cloth, 2.00 

Holland. The Urine, Common Poisons, and Milk Analysis, 
Chemical and Microscopical. For Laboratory Use. Fourth 
Edition, Enlarged. Illustrated. Cloth, z.oo 

Van Niiys. Urine Analysis. lUus. Cloth, 2.00 

Wolff's Applied Medical Chemistry. By Lawrence Wolff, 
M.D., Dem. of Chemistry in Jefferson Medical College. Clo., i.oo 

CHILDREN. 

Qoodhart and Starr. The Diseases of Children. Second 
Edition. By J. F. Goodhart, m.d.. Physician to the Evelina 
Hospital for Children ; Assistant Physician to Guy's Hospital, 
London. Revised and Edited by Louis Starr, m.d., Qinical 
Professor of Diseases of Children in the Hospital of the Univer- 
sity of Pennsylvania; Physician to the Children's Hospital, 
Philadelphia. Containing many Prescriptions and Formulae, 
conforming to the U. S. Pharmacopoeia, Directions for making 
Artificial Human Milk, for the Artificial Digestion of Milk, etc. 
Illustrated. Cloth, 3.00; Leather, 3.50 

Hatfield. Diseases of Children. By M. P. Hatfield, m.d.. 
Professor of Diseases of Children, Chicago Medical College. 
Colored Plate. z2mo. Cloth, i.oo; Interleaved, x. 25 

' Set pagtt 14 and tSA^ list off Quiz-Compendtt 



8 STUDENTS' TEXT-BOOKS AND MANUALS. 

Children: — Continued. 
Starr. Diseases of the Digestive Organs in Infancy and 
Childhood. With chapters on the Investigation of Disease, 
and on the General Management of Children. By Louis Starr, 
M.D., Qinical Professor of Diseases of Children in the Univer- 
sity of Pennsylvania. lUus. Second Edition. Cloth, 2.25 

DENTISTRY. 

Pillebrown. Operative Dentistry. 330 lUus. Cloth, 2.50 
Plagg's Plastics and Plastic Filling. 4th Ed. Qoth, 4.00 
Gorgas. Dental Medicine. A Manual of Materia Medica and 
Therapeutics. Fourth Edition. Cloth, 3.50 

Harris. Principles and Practice of Dentistry. Including 
Anatomy, Physiology, Pathology, Therapeutics, Dental Surgery 
and Mechanism. Twelfth Edition. Revised and enlarged by 
Professor Gorgas. Z028 Illustrations. Qoth, 7.00 ; Leather, 8.00 
Richardson's Mechanical Dentistry. Fifth Edition. 569 
Illustrations. 8vo. Qoth, 4.50; Leather, 5.50 

Sewill. Dental Surgery. 200 Illustrations. 3d Ekl. Clc, 3.00 
Taft's Operative Dentistry. Dental Students and Practitioners. 
Fourth Edition, xoo Illustrations. Cloth, 4.25 ; Leather, 5.00 
Talbot. Irregularities of the Teeth, and their Treatment. 
Illustrated. 8vo. Second Edition. Cloth, 3.00 

Tomes' Dental Anatomy. Third Ed. 191 Illus. Cloth, 4.00 
Tomes' Dental Surgery. 3d Edition. Revised. 292 lUus. 
772 Pages. Qoth, 5.00 

Warren. Compend of Dental Pathology and Dental Medi- 
cine. Illustrated. Cloth, i. 00; Interleaved, x. 25 

DICTIONARIES. 

Qoul4's New Medical Dictionary. Containing the Definition 
and Pronunciation of all words in Medicine, with many useful 
Tables etc. }i Dark Leather, 3.25; "% Mor., Thumb Index 4.25 

Harris' Dictionary of Dentistry. Fifth Edition. Completely 
revised and brought up to date by Prof. Gorgas. 

Cloth, 5.00 ; Leather, 6.00 

Cleaveland's Pronouncing Pocket Medical Lexicon. 31st 
Edition. Giving correct Pronunciation and Definition. Very 
small pocket size. Cloth, red edges .75 ; pocket-book style, 1.00 

Longley's Pocket Dictionary. The Student's Medical Lexicon, 
giving Definition and Pronunciation of all Terms used in Medi- 
cine, with an Appendix giving Poisons and Their AntidoteS| 
Abbreviations used in Prescriptions, Metric Scale of Doses, etc. 
24mo. Cloth, I. go; pocket-book style, z. 95 

■ Seepages a to 5 for list of Students' Manuals, 



STUDENTS' TEXT-BOOKS AND MANUALS. 9 

EYE. 

Hartridge on Refraction. 4th Edition. Qoth, a.oo 

Hartridge on the Ophthalmoscope. Nearly Ready. 

Meyer. Diseases of the Eye. A complete Manual for Stu- 
dents and Physicians. 270 Illustrations and two Colored Plates. 
8vo. Cloth, 4.50; Leather, 5.50 

Swanzy. Diseases of the Eye and their Treatment. 158 

Illustrations. Third Edition. Cloth, 3 00 

Fox and Gould. Compend of Diseases of the Eye and 
Refraction. 2d Ed. Enlarged. 71 Illus. 39 Formulae. 

Cloth, 1. 00 ; Interleaved for Notes, 1.25 

ELECTRICITY. 

Bigelow. Plain Talks on Medical Electricity and Batteries. 

Illustrated. With a Glossary of Electrical Terms. Cloth, 1.00 

Mason's Compend of Medical and Surgical Electricity. 
With numerous Illustrations. i2mo. Cloth, 1.00 

HYGIENE. 
Parkes' (Ed. A.) Practical Hygiene. Seventh Edition, en- 
larged. Illustrated. Bvo. Cloth, 4.50 

Parkes' (L. C.) Manual of Hygiene and Public Health. 

Second Edition. i2mo. Cloth, 2.50 

Wilson's Handbook of Hygiene and Sanitary Science. 
Seventh Edition. Revised and Illustrated. In Press, 

MATERIA MEDICA AND THERAPEUTICS. 

Potter's Compend of Materia Medica, Therapeutics and 
Prescription Writing. Fifth Eklition, revised and improved. 
See Page /j". Cloth, 1.00; Interleaved for Notes, 1.25 

Biddle's Materia Medica. Eleventh Edition. By the late 
John B. Biddle, m.d.. Prof, of Materia Medica in Jefferson Col- 
lege, Philadelphia. Revised by Clement Biddle, m.d., and 
Henry Morris, M.D. 8 vo., illustrated. Cloth, 4.25; Leather, 5.00 

Potter. Handbook of Materia Medica, Pharmacy and 
Therapeutics. Including Action of Medicines, Special Thera- 
peutics, Pharmacology, etc. By Saml. O. L. Potter, m.d., 
M.R.c.P. (Lond.), Professor of the Practice of Medicine in 
Cooper Medical College, San Francisco. Third Edition. 8vo. 

Cloth, 4.00 ; Leather, 5.00 
"Waring. Therapeutics. With an Index of Diseases and 
Remedies. 4th Edition. Revised. Cloth, 3.00; Leather, 3.50 
Seepages 14 and ij for list of fQuim-Cotnpends f 
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MEDICAL JURISPRUDENCE. 

Reese. A Text-book of Medical Jurisprudence and Toxi- 
cology. By John J. Reese^ m.d.. Professor of Medical Juris- 
prudence and Toxicology in the Medical Department of the 
University of Pennsylvania ; President of the Medical Juris- 
prudence Society of Philadelphia; Physician to St. Joseph's 
Hospital ; Corresponding Member of The New York Medico- 
legal Society. Third ]^ition. Cloth, 3.00; Leather, 3.50 

OBSTETRICS AND GYNECOLOGY. 

Davis. A Manual of Obstetrics. By Edw. P. Davis, Dem- 
onstrator of Obstetrics, Jefferson Medical College, Philadelphia. 
Colored Plates, and 130 other Illustrations. i2mo. Cloth, 2.00 

Byford. Diseases of Women. The Practice of Medicine and 
Surgery, as applied to the Diseases and Accidents Incident to 
Women. By W. H. Byford, a.m., m.d.. Professor of Gynaecology 
in Rush Medical College and of Obstetrics in the Woman's Med- 
ical College, etc., and Henry T. Byford, m.d.. Surgeon to the 
Woman's Hospital of Chicago. Fourth Edition. Revised and 
Enlarged. 306 Illustrations, over xoo of which are original. 
Octavo. 832 pages. Cloth, 5.00 ; Leather, 6.00 

Cazeaux and Tarnier's Midwifery. With Appendix, by 
Munde. The Theory and Practice of Obstetrics ; including the 
Diseases of Pregnancy and Parturition, Obstetrical Operations, 
etc. Eighth American, from the Eighth French and First 
Italian Edition. Edited by Robert J. Hess, m.d., Physician to 
the Northern Dispensary, Philadelphia, with an appendix by 
Paul F. Munde, m.d.. Professor of Gynaecology at the N. V. 
Polyclinic. Illustrated by Chromo- Lithographs, and other Full- 
page Plates, seven of which are beautifully colored, and numerous 
Wood Engravings. One Vol., 8vo. Cloth, 5.00; Leather, 6.00 

Lewers' Diseases of Women. A Practical Text-Book. 139 
Illustrations. Second Edition. Cloth, 2.50 

Parvin's Winckel's Diseases of Women. Second Edition. 
Including a Section on Diseases of the Bladder and Urethra. 
150 Illus. Revised. See pc^e 3. Cloth, 3.00 ; Leather, 3.50 

Morris. Compend of Gynaecology. Illustrated. Cloth, x.oo 

Winckel's Obstetrics. A Text-book on Midwifery, includ- 
ing the Diseases of Childbed. By Dr. F. Winckef, Professor 
of Gynaecology, and Director of the Royal University Clinic for 
Women, in Munich. Authoriaed Translation, by J. Clifton 
Edgar, m.d.. Lecturer on Obstetrics, University Medical Col- 
lege, New York, with nearly 200 handsome illustrations, the 
majority of which are original. Bvo. Cloth, 6.00; Leather, 7.00 

Landis' Compend of Obstetrics. Illustrated. 4th edition^ 
enlarged. Cloth, x.oo; Interleaved for Notes, 1.25 

Qalabin*s Midwifery. By A. Lewis Galabin, m.d., FJt.c.p. 
327 Illustrations. See page 3. Qoth, 3.00; Leather, 3.50 

See Paget 2 to s/or Kei <ifNew Manual*. 



STUDENTS' TEXT-BOOKS AND MANUALS. 

PATHOLOGY. HISTOLOGY. BIOLOGY. 

Bew^fay, Surgical Pdthelaey and Morbid Anatamy^ for 
Students. ij5 tHusmiioM. iimo. CIotS, n.™ 

DaviB' Elementary Biology. l!bslT3ied. Claili, t.oj 

Oilliam'B Eiseotlals of Pathaloey. A Handbaok for Sludcnu. 
4f lIluscradoiB, »im). Cloth, a. » 

■«• The objeu ol Ihlt book is lo unfold to the beginner die fiindi^ 

mentRls of pathology in a plain, practical way, and by bringing 

■hem within easy caotprehensioa ID Incm^aH his interest in the study 

of the subject. 

Qibbes' Prnctical Hlatology and Patboloey. I'hlid Edilioa. 
Enlargirf. lama. aolh, 1,75 

VirchoWaPost-Morlem Examinations. 3d Ed. Cloth, i. 00 

PHYSICAL DIAGNOSIS. 

Fenwlok. Student's Gtilde to Pbyaical DiagnoiiB. 7th 

Edition. !i?lllialr;illons. iirao. Cloth, i.j; 

Tyson's Student's Handbook of Physical Diagnosis, lllus- 



PHYSIOLOGY. 
Tao's PhysloloEV. Fifth Gdltloo. The moa 
dents- Book. % GeiBld 7. Y*o, M.n., f.r.c.s 
PhjsiolOKy In King's College, London. Small 



Pojndar Stu- 



aa; Leather, 
luslralcd. S 
■A far Nntei, 
l—nlcaland , 



Klrbs'a Phyaiology. New iith Ed. Thoroughly Revised and 
Enlarged, ^n nitrations. Cloth, 4.00; Leather, 5.0a 

Landols' Human Pfayalalogy. IncludingHitiologyuid Mlcni- 



PRACTICE. 

Taylor. Practice of Medicine. A Manual. Hy Frederick 
'Taylor. H.D., Physician lo, and Lecturer on Medicine al. Guy's 
Hospll.l. London ; Physician to Evelina HospiKl for Sick ChiL 

Chemistry, University of London. aiilh,i.co; Leather. J, 00 
*»■ ** fafti 14 and IS/"- Hit tf tQuiM-ComftHdi / 
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Practict : — Continued. 
Roberts' Practice. New Revised Edition. A Handbook 
of the Theory and Practice of Medicine. By Frederick T. 
Roberts, m.d. ; m.r.c.p.. Professor of Qinical Medicine and 
Therapeutics in University College Hospital, London. Seventh 
Edition. Octavo. Cloth, 5.50; Sheep, 6.50 

Hughes. Compend of the Practice of Medicine. 4th Edi- 
tion. Two parts, each. Cloth, x. 00; Interleaved for Notes, z.35 

Part 1. — Continued, Eruptive and Periodical Fevers, Diseases 
of the Stomach, Intestines, Peritoneum, Biliary Passages, Liver, 
Kidneys, etc., and General Diseases, etc. 

Part 11. — Diseases of the Respiratory System, Circulatory 
System and Nervous System ; Diseases of the Blood, etc. 

Physicians' Edition. Fourth Edition. Including a Section 
on Skin Diseases. With Index, i vol. Full Morocco, Gilt, 2.50 

Front John A. Robinson ^ M.D.y Assistant to Chair 0/ Clinical 
Medicine ^now Lecturer on Materia Medica, Rush Medical Col- 
leze, Chicago. 
"Meets with my hearty approbation as a substitute for the 

ordinary note books almost universally used by medical students. 

It is concise, accurate, well arranged and lucid, . . . just the 

thing for students to use while studying physical diagnosis and the 

more practical departments of medicine. 

PRESCRIPTION BOOKS. 

Wythe's Dose and Symptom Book. Containing the Doses 
and Uses of all the principal Articles of the Materia Medica, etc. 
Seventeenth Edition. Completely Revised and Rewritten. Just 
Ready, samo. Cloth, z. 00; Pocket-book style, z.35 

Pereira's Physician's Prescription Book. Containing Lists 
of Terms, Phrases, Contractions and Abbreviations used in 
Prescriptions Explanatory Notes, Grammatical Construction oi 
Prescriptions, etc., etc. By Professor Jonathan Pereira, m.d. 
Sixteenth Edition. 32mo. Cloth, x. 00; Pocket-book style, x. 35 

PHARMACY. 

Stewart's Compend of Pharmacy. Based upon Remington's 
Text-Book of Pharmacy. Third Edition, Revised. With new 
Tables, Index, Etc. Clothe i.oo ; Interleaved for Notes, x.25 

Robinson. Latin Grammar of Pharmacy and Medicine. 
By H. D. Robinson, ph.d.. Professor of Latin Language and 
Literature, University of Kansas, Lawrence. With an Intro- 
duction by L. E. Sayre, ph.g.. Professor of Pharmacy in, and 
Dean of, the Dept. of Pharmacy, University of Kansas. i2mo. 

Cloth, 2.00 

SKIN DISEASES. 

Anderson, (McCall) Skin Diseases. A complete Text-Book, 
with Colored Plates and numerous Wood Engravings. 8vo. 

Cloth, 4.50; Leadier, 5.50 

Van Harlingen on Skin Diseases. A Handbook of the Dis- 
eases of the Skin, their Diagnosis and Treatment (arranged alpha- 
betically). By Arthur Van Harlingen, m.d.. Clinical Lecturer 
on Dermatology, JeflFerson Medical College; Prof, of Diseases of 
the Skin in the Philadelphia Polyclinic. 2d Edition. Enlarged. 
With colored and other plates and illustrations. i2mo. Cloth, 2.50 
' See pages 2 to s for list qfNew Manuals. 



STUDENTS' TEXT-BOOKS AND MANUAIS, 1 
SURGERY AND BANDAGING. 

MouUio's Surgery, A ne* Teit-Book. io, lUusIralion! (son 
culorcd), loo of which are original. 

Clolh,n«7.w: Uaih", n« 3.i 

lacobBon. Operations in SucgBry. A Sysumadc Handbcc 
lor Physidans, StudeaU and Hospftal Su^eooJ. By W. U. J 

pital^ Surgeon al Royal HaspiCalfe'r CMdnn and Womeo, et 
199 niuBtnlions. iDoGpaget. Svo. Oath. 5,00 ; Lealhci. 6.1 



'h Hloor Surg^iy, aod 






Horwitz'a Compcnd of BurEery, Minor Surge^ sod 

Distases'acJ thrfaleiAii'tisepi^ Ru'es, clc., wi'ihlSifrtreotial 

D^mo^ltaior of Sutg«y!jefleraon Medical CoUege. %ih e'diiion! 

lamo. Cloth, i.oo : fnterlsiied for St addiUon of Voia, i.n 

•(•The new Section on Band^lne and Sureical Dressings, con- 

liits o( 3a Pages and ,1 Illustiadom. Every Bandage of any 

impnrance is iiguicd. This, with the Seciroa on Ligation ol 

Arteries, forms an ample Teil-book for the Suigical Laboratory. 



WalBfaam. Manual 
ByW«.J, W*LSHJ 
of Practical Surg, i 
Metropolitan Free 



3f Praetical Sureety. Third Edition. 
1. M.n., F,K c:,s., Aut. Surg, to, and Dem. 
. Sl Eartholoinew's Kospital: Suigcu to 
ospi , on ""'j^i^^j^'^ ^^'^ Le^r,'"^ 



Milk. Chemi^K 



3too. SJ3 pagef. 

idSmith. OnthsUrine. TheChemica 
By John Marshall, H.n,, Chemical Labor 
and Prof. E.F.Smilh.FH.n, Col, Plates. 



■'i,t,;' 



id Engravings, 7th Ed. 
Cloth, 1. so 
aoth, 3.00 



VENEREAL DISEASES. 
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NEW AND REVISED EDITIONS. 

PQUIZ-COMPENDS? 

The Best Compends for Students' Use 
in the Quiz Class, and when Pre- 
paring for Examinations. 

Compiled in accordance with the latest teachings of promi- 
nent lecturers and the most popular Text-books, 

They form a most complete, practical and exhaustive 
set of manuals, containing information nowhere else col- 
lected in such a condensed, practical shape. Thoroughly 
up to the times in every respect, containing many new 
prescriptions and formulae, and over two hundred and 
fiity illustrations, many of which have been drawn and 
engraved specially for this series. The authors have had 
large experience as quiz-masters and attaches of colleges, 
with exceptional opportunities for noting the most recent 
advances and methods. 

Cloth, each $i.oo. Interleaved for Notes, $1.35. 

No.x. HUMAN ANATOMY, *< Based upon Gray.** Fifth 
Enlarged Edition, including Visceral Anatomy, formerly 
published separately. 16 Lithograph Plates, New 
Tables and Z17 other Illustrations. By Samubl O. L. 
Potter, M.A., m.d., m.r.c.p. (Lend.,) late A. A. Surgeon U. S. 
Army. Professor of Practice, Cooper Medical College, San Fran- 
cisco. 

Nos. a and 3. PRACTICE OF MEDICINE. Fourth Edi- 
tion. B^r 1>ANIBL E. HuGHBS, M.D., DemoMtrator of Clinical 
Medicine in Jefferson Medical College, Philadelphia. In two parts. 

Part I. — Continued, Eruptive and Periodical Fevers, Diseases 
of the Stomach, Intestines, Peritoneum, Biliary Passages, Liver, 
Kidneys, etc. (including Tests for Urine), General Diseases, etc. 

Part II. — Diseases of the Respiratory System (including Phy- 
sical Diagnosis), Circulatory System and Nervous System; Db- 
eases of the Blood, etc. 

%* These littie books can be regarded as a full set of notes upon 
the Practice of Medicine, containing the Synonyms, Definitions, 
Causes, Symptoms, Prognosis, Diagnosis, Treatment, etc., of each 
disease, and including a numoer of prescriptions hitherto unpub- 
lished. 

No. 4. PHYSIOLOGY, including Embryology. Sixth 
Edition. By Albert P. Brubakbr, m.d., Profl of Phjrsiology, 
Penn'a Colleee of Dental Surgery ; Demonstrator of Physiology 
in Tefferson Medical College, Philadelphia. Revised, Enlarged, 
with new Illustrations. 

No. 5. OBSTETRICS. Illustrated. Fourth Edition. By 
Henry G. Landis, m.d.. Prof, of Obstetrics and Diseases of 
Women, in Starling Medical College, Celumbus, O. Revised 
Edition. New Illustrations. 



BLAKISTON'S ? QUIZ-COMPENDS ? 

No. 6. MATERIA MEDICA, THERAPEUTICS AND 
PRESCRIPTION WRITING. Fifth Revised Edition. 
With especial Reference to the Ph^sioloeical Action of Drugs, 
and a complete article on Prescription Writing. Based on the 
Last Revision of the U. S. Pharmacopoeia, ana including many 
unofficinal remedies. By Samuel O. L. Potter, m.a., m.d., 
M.R.c.P. (Lond.,) late A. A. Surg. U. S. Army ; Prof, of Practice, 
Cooper Medical College, San Francisco. Improved and Enlarged, 
with Index. 

No. 7. GYNECOLOGY. A Compend of Diseases of Women. 
By Henry Morris, m.d.. Demonstrator of Obstetrics, Jefferson 
Medical College, Philadelphia. 45 Illustrations. 

No. 8. DISEASES OF THE EYE AND REFRACTION, 
including Treatment and Sui^ery. By L. Webster Fox, m.d., 
Chief Clinical Assistant Ophthalmological Dept., Jefferson Med- 
ical College, etc., and Geo. M. Gould, m.d. ^i Illustrations, 39 
Formulae. Second Enlarged and Improved Edition. Index. 

No. 9. SURGERY, Minor Sureery and Bandaging. Illus- 
trated. Fourth Edition. Including Fractures, Wounds, 
Dislocations, Sprains, Amputations and other operations ; Inflam- 
mation, Suppuration, Ulcers, Syphilis, Tumors, Shock, etc. 
Diseases of the Spine, Ear, Bladder, Testicles, Anus, and 
other Surgical Diseases. By Orville Horwitz, a.m., m.d.. 
Demonstrator of Surgery, Jefferson Medical College. Revised 
and Enlarged. 84 Formulae and 136 Illustrations. 

No. 10. CHEMISTRY. Inorganic and Organic. For Medical 
and Dental Students. Including Urinary Analysis and Medical 
Chemistry. By Henry Leffmann, m.d.. Prof, of Chemistry in 
Penn'a College of Dental Surgery, Phila. Third Edition, Revised 
and Rewritten, with Index. 

No. XX. PHARMACY. Based upon *' Remington's Text-book 
of Pharmacy." By F. E. Stewart, m.d., ph.g., Quiz-Master 
at Philadelphia College of Pharmacy. Third Edition, Revised. 

No. xa. VETERINARY ANATOMY AND PHYSIOL- 
OGY. 29 Illustrations. By Wm. R. Ballou, m.d.. Prof, of 
Equine Anatomy at N. Y. College of Veterinary Surgeons. 

No. 13. DENTAL PATHOLOGY AND DENTAL MEDI- 
CINE. Containing all the most noteworthy points of interest 
to the Dental student. By Geo. W. Warren, d.d.s.. Clinical 
Chief, Penn'a College of Dental Surgery, Philadelphia. Illus. 

No. 14. DISEASES OF CHILDREN. By Dr. Marcus P. 
Hatfield, Prof, of Diseases of Children, Chicago Medical 
College. Colored Plate. 

Boud IB Cloth, $1. IttterleftTOd, for the Addition of ITotaii $1.25. 



Tkese books are constantly revised to keep up with 
the latest teachings and discoveries^ so that they contain 
all the new methods and principles. No series of books 
are so complete in detail^ concise in language^ or so well 
printed and bound. Each one forms a complete set of 
notes upon the subject under consideration. 

Illustrated Descriptive Circular Free. 



JUST PUBLISHED. 



GOULD'S NEW 

Medical Dictionary 




It containe Tables of the Arteriea, Bacilli, Gan- 
glia, Leucomaines, Micrococci, Muscles, 
Nerves, Plexuses, Ptomaines, etc., 
etc., that will be found of great 
use to the student. 

Small octavo, 520 pages, Half-Dark Leather, . S3.25 
With Thumb Index, Half Morocco, maibled edges, 4.25 
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